Refniodiic&l 
mi  the 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 

ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


282  491 


■» 


O 

— *■-* 

xp 

W:  memorandum 

,r;  RM-3231-PR 

5  AUGUST  1962 


THE  SYNERGETIC  PLANE  CHANGE  FOR 

ORBITING  SPACECRAFT 

F.  S.  Nyland 


I 


PREPARED  FOR. 

UNITED  STATES  AIR  FORCE  PROJECT  RAND 


Ht 


I 

i 


7 & 


MMD 


@vifiviati6K 


SANTA  MONICA  •  CALIFORNIA 


MEMORANDUM 

RM-3231-PR 

AUGUST  1982 


THE  SYNERGETIC  PLANE  CHANGE  FOR 

ORBITING  SPACECRAFT 

F.  S.  Nyland 


This  research  is  sponsored  by  the  United  States  Air  Force  under  Project  RAND  —  Con¬ 
tract  No.  AF  49(638  (-700  —  monitored  by  the  Directorate  of  Development  Planning, 
Deputy  Chief  of  Staff,  Research  and  Technology,  Hq  USAF.  Views  or  conclusions  con¬ 
tained  in  this  Memorandum  should  not  be  interpreted  as  representing  the  official  opinion 
or  policy  of  the  United  States  Air  Force.  Permission  to  quote  from  or  reproduce  portions 
of  this  Memorandum  must  be  obtained  from  The  RAND  Corporation. 


76 


R-flnD 


1700  WAIN  ST  •  SANTA  MONICA  •  CAll'ORNIA 


-iii- 


PREFACE 


This  Memorandum  presents  a  preliminary  analysis  of  a  method  for 
changing  the  orbital  plane  of  a  spacecraft  operating  in  the  vicinity 
of  the  earth.  The  method  utilizes  aerodynamic  forces  as  well  as 
propulsive  forces  to  effect  such  maneuvers  and  has  been  named  a 
synergetic  plane  change.  The  study  was  developed  in  conjunction  with 
the  continuing  work  on  space-operation  problems.  The  conclusions  of 
this  Memorandum  should  be  of  interest  to  strategy  planners  in  the  Air 
Force,  specialists  in  the  fields  of  atmospheric  reentry  and  trajectory 
analysis,  advanced  vehicle  designers,  and  those  government  agencies 
concerned  with  space. 
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SUMMARY 

This  Memorandum  is  the  result  of  a  preliminary  investigation  of 
a  synergetic  maneuver,  which  uses  a  combination  of  rocket  propulsion 
and  aerodynamic  forces  to  obtain  plane  changes  for  orbiting  space¬ 
craft.  Each  phase  of  the  maneuver — deorbiting,  pullout,  glide,  ascent, 
and  injection--is  analyzed  by  the  use  of  approximate  closed  form 
solutions  to  the  equations  of  motion,  when  these  equations  cannot  be 
solved  analytically.  The  synergetic  maneuver  and  a  method  using  only 
propulsive  devices  are  then  compared. 
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range  function 
acceleration  due  to  gravity 
altitude 

amount  of  plane  change 

lift  force 

latitude 

longitude 

vehicle  mass 

position  coordinate  of  vehicle  along  minor  circle  turn  (range) 

radius  of  the  earth  (3^42  n  mi ) 

distance  from  vehicle  to  earth's  center 

initial  distance  from  vehicle  to  earth's  center 

turning  radius 

distance  along  a  minor  circle  descent  pattern 
vehicle  velocity 

u  ./r  /r  =  circular  orbit  velocity 
o y  o' 

initial  vehicle  velocity 

earth  skimming  satellite  velocity  (2^,ljbo  ft/sec) 


-X- 


u 

r 

AV 


W 

x 

x. 

1 

a 

Y 
v 

a 

Y 

o 

Y 

r 

0 

X 

0 

* 


I 


reentry  velocity 

velocity  increment 

vehicle  weight  (mass  x  gravity) 

u/u 
'  o 


exponential  coefficient  of  density  distribution  (d  =  d  e-®*1) 
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I.  INTRODUCTION  AND  DEVELOPMENT 

Large  maneuvers  by  orbiting  vehicles  have,  in  the  past,  been 
studied  primarily  by  considering  changes  in  orbital  parameters  effected 
by  i*ocket  propulsion.  It  is  widely  known  that  changes  in  orbital 
altitude  are  comparatively  less  expensive  in  terms  of  energy  than 
changes  in  orbital  plane.  This  consideration  is  quite  important 
because  any  propulsive  devices  used  to  change  orbital  parameters  must 
be  carried  aloft  by  the  spacecraft  and  its  booster.  Because  of  the 
small  amounts  of  energy  required  for  descent  and  ascent  between  orbits 
below  600  n  mi,  it  is  of  interest  to  consider  the  use  of  aerodynamic 

forces  for  large  changes  in  orbital  plane.  This  study  investigates  a 

* 

synergetic  maneuver  that  combines  rocket  propulsion  and  aerodynamic 
forces  to  obtain  plane  changes.  The  synergetic  maneuver  is  then 
compared  to  a  maneuver  using  propulsive  devices  only. 

Synergetic  plane  changing  by  an  orbiting  vehicle  consists  of 
distinct  phases  of  deorbiting,  pullout,  gliding,  ascent,  and  injection 
(into  the  new  orbit).  First,  the  vehicle  in  a  circular  orbit  would 
descend  ballistically  to  the  outer  fringes  of  the  atmosphere  by 
application  of  a  velocity  decrement  (AV\).  The  vehicle  could  follow 
any  one  of  a  variety  of  paths  to  some  lower  altitude,  one  of  which 
would  be  a  Hohnann  transfer  semiellipse.  A  ballistic  descent  over 


* 

Synergetic:  working  together,  cooperating. 

Hohnann  transfer  semi  ellipse :  a  transfer  orbit  between 
concentric  ooplanar  circular  orbits,  and  cotangent  to  them. 
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a  shorter  ground  range  might  be  used,  but  this  would  result  in  steeper 
reentry  angles  into  the  earth's  atmosphere  and  larger  loads  might  be 
imposed  on  the  vehicle  structure  during  the  pullout  phase.  The  pullout 
maneuver  is  executed  by  maintaining  a  constant  vehicle  lift  to  drag 
ratio  (constant  for  purposes  of  analysis  only)  as  it  enters  the  upper 
portion  of  the  atmosphere,  and  its  purpose  is  to  change  the  reentry 
path  angle  to  a  value  compatible  with  the  initial  path  angle  required 
at  the  start  of  an  equilibrium  glide  as  well  as  to  match  the  initial 
altitude  of  the  next  phase.  In  this  analysis,  it  is  assumed  that  the 
pullout  maneuver  is  completed  when  the  flight  path  angle  is  exactly 
zero.  Hiring  the  glide  phase,  the  vehicle  is  banked,  causing  the 
resulting  flight  path  to  be  a  minor  circle  turn.  Although  other  types 
of  trajectories  could  be  used,  the  minor  circle  turn  is  amenable  to  hand 
analysis.  By  the  end  of  the  glide  phase,  the  vehicle  velocity  has 
decreased.  A  velocity  increment  (AV^)  is  applied  to  bring  the  vehicle 
velocity  up  to  orbital  speed  at  the  end  of  this  phase.  In  conjunction 
with  this  speedup,  a  further  velocity  increment  (AV^)  is  required  to 
initiate  the  transfer  to  the  new  orbit.  After  following  the  transfer 
trajectory  to  apogee,  another  velocity  increment  (AV,  )  is  required  to 
inject  the  spacecraft  into  the  new  orbit.  The  total  velocity  require¬ 
ment  is  the  sum  of  the  velocity  increments  associated  with  each  phase 
of  the  maneuver  shown  in  Fig.  1.  The  total  velocity  requireu  for  the 
synergetic  maneuver  is  expressed  as  follows: 


AV  -  AV,  +  AV„  +  AV.,  +  AV, 
1  2  3  4 


(1) 
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where  AV^  =  velocity  increment  required  to  descend  from  old  orbit 

AVg  =  velocity  lost  during  the  glide  phase 

AV^  =  velocity  increment  required  to  initiate  ascent  to  new  orbit 

AV|+  =  velocity  increment  required  to  inject  into  new  orbit 
Although  the  synergetic  change  in  orbit  plane  is  admittedly  more 
complicated  than  the  more  direct  method  of  using  only  rocket  propulsion 
at  the  orbit  altitude,  it  may  be  advantageous  from  the  viewpoint  of 
minimizing  energy  under  certain  conditions  for  lifting  vehicles. 

DESCENT  FROM  ORBIT 

The  descent  path  from  the  old  orbit  to  the  fringe  of  the 
atmosphere  is  a  ballistic  trajectory.  There  are  many  such  paths,  but 
for  the  descent  of  a  glider  one  would  wish  to  choose  a  path  that  would 
result  in  a  small  reentry  angle.  Thus  a  Hohmann  semiellipse  where 
the  descent  takes  place  over  a  loO  deg  arc  about  the  earth's  center 
(range  angle),  or  a  ballistic  descent  with  a  range  angle  of  90  deg 
might  be  suitable  bounds  for  examination.  The  Hohmann  semiellipse  is 
the  minimum  energy  descent  path.  The  use  of  the  smaller  range  angles 
should  decrease  the  descent  flight  time,  decrease  uncertainties  in 
position  at  the  reentry  point,  but  increase  the  reentry  angle.  For 
descents  from  low  altitudes,  below  the  Van  Allen  radiation  belts, 
reentry  angles  can  be  kept  to  values  less  than  10  deg  if  the  range 
angle  is  90  deg  or  more.  Under  these  conditions  the  ground  range 
for  the  descent  would  be  (greater  than  ‘>+00  n  mi.  Thus,  decelerations 
during  pullout  would  be  kept  within  tolerable  limits,  and  perhaps 
one  might  wish  to  pay  the  penalty  of  the  extra  energy  required  in 
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order  to  shorten  the  descent  time.  At  the  higher  altitudes,  however, 
longer  range  angles  would  be  required  to  keep  the  reentry  angle  small, 
and  to  keep  the  reentry  velocity  within  some  assumed  cooling  system 
technical  capability.  In  this  analysis  the  descent  path  is  assumed 
to  end  at  an  altitude  of  n  mi.  Since  the  path  angle  and  velocity 

will  not  change  very  much  with  slight  variations  about  this  altitude, 
the  results  of  the  analysis  can  be  extended  to  make  estimates  in 
somewhat  different  regimes.  If  the  descent  is  a  Hohmann  transfer 
semiellipse,  the  conditions  at  the  termination  of  the  descent  would 
be  a  zero  path  angle,  and  a  velocity  slightly  in  excess  of  circular. 
The  equations  describing  such  descents  are  discussed  elsewhere, ^ ^ 
and  are  presented  here  in  terms  of  the  path  angle  and  velocity  along 
the  path  of  the  trajectory. 
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The  symbols  are  defined  as  follows: 

R  =  radius  of  the  earth 
o 

r  =  distance  between  vehicle  and  earth's  center 

r.  =  initial  distance  between  vehicle  and  earth's  center 

1 

u  =  vehicle  velocity 

u.  =  initial  vehicle  velocity 

1 

uq  =  earth  skimming  satellite  velocity  (25,9^0  ft/sec) 

Y  =  flight  path  angle 

Yq  =  initial  flight  path  angle 

6  =  earth-centered  range  angle  between  initiation  point  and 

end  of  trajectory 

For  the  Hohmann  transfer,  the  final  path  angle  and  initial  path  angle 
are  zero,  and  only  the  equations  for  initial  velocity  (ui )  and  reentry 
velocity  (uf)  are  needea  for  this  analysis. 


For  the  long  range  ballistic  descent  (9  =  90  deg),  the  initial  path 
angle  has  been  assumed  zero  lor  ease  of  calculation .  This  specification 
does  not  result  in  a  minimum  energy  trajectory,  but  the  energy  require¬ 
ments  are  only  slightly  greater  than  minimum  at  low  orbital  altitudes. 
The  e  pant ions  for  initial  velocity,  final  or  reentry  velocity,  and 
reentry  path  angle  for  the  long  range  ballistic  descent  sire: 

Vuo  no/ri  (U) 

I 
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u ^/u^  =  1/  1.01  cos 

(5) 

tan  Y  =  1.01  R  /r.  -  1 
r  o  i 

(6) 

Graphs  of  these  equations  for  descent  from  various  altitudes  are  shown 
in  Figs.  2,  3>  and  4.  The  trajectory  was  ended  at  an  altitude  of 
n  mi  above  the  earth's  surface. 

PULLOUT  PHASE 

Toward  the  end  of  the  descent  from  orbit,  a  pullout  maneuver  is 

initiated  to  match  the  end  conditions  of  the  ballistic  descent  to  the 

initial  conditions  required  for  a  glide  trajectory  through  the  upper 

atmosphere.  The  pullout  maneuver  is  assumed  to  end  when  the  path  angle 

of  the  vehicle  (y)  is  exactly  aero.  It  is  also  assumed  that  a  constant 

lift  to  drag  ratio  is  maintained  throughout  the  pullout.  If  a  vehicle 

enters  the  earth's  atmosphere  at  a  larger  path  angle  than  that 

associated  with  the  initial  conditions  of  an  equilibrium  glide,  the 

vehicle  motion  may  be  generally  described  as  bouncing  or  skipping  along 

the  top  of  the  atmosphere.  If,  at  the  bottom  of  the  first  skip,  the 

lift  to  drag  ratio  is  changed,  a  transition  between  ballistic  descent 

and  equilibrium  glide  can  be  achieved.  A  description  of  the  pullout 

maneuver  is  not  amenable  to  closed  form  solution  under  the  assumption 

of  many  analyses  of  glide  trajectories,  since  in  these  studies,  the 

path  angle  was  assumed  to  be  very  small,  and  to  have  a  very  small  rate 

(2) 

of  change.  Recently,  however,  one  author  has  pointed  out  other 
assumptions  and  conditions  that  will  allow  a  closed  fora  solution  even 
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Fig.  2  —  Reentry  angles  for  long-range 
ballistic  descent 
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Fig.  3  —  Velocity  increment  to  descend 
from  orbit 
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Fig.  4 —  Reentry  velocities  for  descent 
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when  the  flight  path  angle  is  u  time-varyinG  function.  From  this  second 
order  analysis,  the  flight  path  angle  is  a  function  of  altitude  and 
velocity  of  the  reentering  vehicle,  and  two  different,  but  related, 
expressions  have  been  derived. 
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where  the  further  symbol  definitions  are 

A  =  aerodynamic  reference  area 

C  =  aerodynamic  lift  coefficient 
L 

D  -  drag  force 
d  -•  sea  level  air  density 
h  -  altitude 
L  =  lift  force 
W  =  vehicle  weight 

P  =  exponential  coefficient  of  atmospheric  density  distribution 
(1/2^,000  ft) 

Equation  7  permits  solution  for  the  altitude  at  the  end  of  the  pullout, 

at  which  time  the  velocity  is  known.  A  vehicle  design  parameter  (V//CT A) 

L 

also  enters  into  this  calculation.  Figure  p  shows  the  altitude  at  the 

p 

end  of  pullout  as  a  function  of  reentry  angle  for  W/CTA  -  1.0  lb/ft  . 
Altitudes  for  other  vehicle  designs  are  readily  calculated  by  sub¬ 
tracting  a  correction  factor  (2^,000  log  V//C  A)  from  the  altitudes 
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given  in  Fig.  5.  Equation  8  gives  the  ratio  of  reentry  velocity  and 

final  velocities  for  the  pullout.  A  further  desigi  parameter,  the 

lift  to  drag  ratio  (l/D),  is  also  a  part  of  this  calculation. 

Figures  6,  7>  8,  and  9  show  graphical  solutions  for  selected  values  of 

velocity  at  the  end  of  pullout  (0*9  uq,  1.0  u^,  1.1  Uq,  1.2  uq).  The 

amount  of  velocity  lost  during  the  pullout  decreases  with  increasing 

L/D  and  with  decreasing  reentry  angle.  Thus,  if  velocity  losses  are 

to  be  minimized,  high  lift  to  drag  ratios  and/or  small  values  of 

reentry  angle  should  be  used.  The  W/CTA  of  the  given  vehicle  can  be 

controlled  by  manipulating  the  vehicle  angle  of  attack.  The  minimum 

value  of  this  parameter,  however,  depends  on  basic  design  considerations 

wing  loading  (w/A)  and  the  maximum  value  of  the  aerodynamic  coefficient. 

For  the  Hohmann  descent,  no  pullout  maneuver  is  required.  In  the 

case  selected,  a  final  altitude  at  the  end  of  the  transfer  of  3^.^  n  mi, 

the  velocity  at  the  end  of  the  transfer  calculated  in  the  previous 

section  neglects  the  effect  of  the  earth's  atmosphere.  If  the  ballistic 

coefficient  of  the  vehicle  is  high  (W/C^A),  the  velocity  losses  due  to 

atmospheric  drag  in  the  final  phase  of  the  transfer  will  be  very  small. 

For  the  purposes  of  this  analysis,  such  drag  losses  will  be  neglected 

since  the  descent  to  this  point  would  be  without  use  of  lift  forces. 

For  example,  the  drag  coefficient  of  Ityna-soar  has  been  estimated  to  be 

about  0.03  when  the  angle  of  attack  is  zero.  The  W/C^A  would  then  be 
2 

about  1000  lb/ft  ,  and  this  value  is  normally  considered  fairly  large. 

(2) 

The  special  case  for  L/D  =  0  has  been  treated'  '  and  the  pertinent 


Altitude  at  end  of  pullout  (IOOO  of  ft) 
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Fig.  5 —  Pullout  altitudes 


Reentry  velocity  (IOOO  ft/sec) 
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Fig.  6  — Pullout  conditions  (u  =  0.9u0) 
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Fig.  7— Pullout  conditions  (u  =  u0) 


Reentry  velocity  (1000  ft/sec) 
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0  2  4  6 

Reentry  angle  (deg) 

Fig.9  —  Pullout  conditions  ( u  =  1.2  u 
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relationship  is 

u  R  d  (V  -  V  )  e”^h 

2  log  —  =  - — - - — 5—75 - 

e  U  (W/CjjA)  cos  Y  (u^/u-  -  1) 

From  this  equation  it  is  seen  that  the  difference  between  the  reentry- 
velocity  (u^)  and  the  velocity  at  the  end  of  the  pullout  (u)  vanishes 
as  the  difference  between  flight  path  angles  before  and  after  pullout 
vanishes.  If,  however,  accurate  control  over  the  flight  path  angle 
at  the  end  of  the  Hohmann  transfer  cannot  be  maintained,  then  some 
velocity  losses  will  result.  Using  the  equation  given  above,  it  has 
been  calculated  that  if  the  reentry  angle  is  really  1  deg  and  the 

p 

W/ChA  of  the  vehicle  is  1000  lb/ ft  ,  then  the  velocity  loss  will  amount 
to  620  ft/sec.  This  velocity  loss  could  not  be  neglected  in  a  detailed 
analysis  of  the  synergetic  maneuver  using  a  Hohmann  descent  from  orbit. 

GLIDE  PHASE 

During  the  glide  phase,  the  vehicle  is  banked  according  to  some 

function  of  velocity,  time,  or  other  variable,  it  is  the  turning 

during  this  phase  that  results  in  the  large  changes  in  orbital  plane 

that  are  of  primary  interest  in  this  study.  Several  types  of  turning 

trajectories  have  been  studied  by  others,  and  these  fall  mainly  into 

two  classes.  One  method  of  turning  is  to  hold  the  bank  angle  of  a 

(3) 

glide  vehicle  constant.  '  Another  method  is  to  vary  the  bank  angle 

(M 

of  the  vehicle  in  such  a  way  that  the  trajectory  is  a  circle  ' 

(minor  circle  trajectory).  For  this  study,  the  latter  trajectory 
has  been  chosen  because  it  is  more  amenable  to  hand  analysis. 
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The  geometry  of  a  minor  circle  turn  is  shown  in  Fig.  10.  Since 
it  is  often  easier  to  visualize  the  descent  from  an  equatorial  orbit, 
such  an  example  has  been  chosen  here.  This  selection,  however,  does 
not  restrict  the  generality  of  the  equations  that  will  be  developed. 

It  should  be  pointed  out,  however,  that  if  a  change  in  orbital  plane 
is  equal  to  a  change  in  inclination,  the  line  of  intersection  of  the 
two  planes  must  also  be  in  the  equatorial  plane.  The  position  of  the 
vehicle  along  the  minor  circle  turn  is  defined  by  the  coordinate  ♦, 
which  is  the  angle  between  the  vehicle  position  and  the  initiation 
point  of  the  turn  measured  about  the  center  of  the  minor  circle.  The 
parameter  defining  the  particular  minor  circle  is  X,  which  is  the 
radius  of  the  minor  circle  measured  as  an  arc  length  about  the  center 
of  the  earth.  For  example,  the  minor  circle  defined  by  X  =  45  deg 
would  pass  through  the  north  pole  if  it  is  tangent  to  the  equator. 

For  the  case  of  descent  from  an  equatorial  orbit,  the  latitude  and 
longitude  of  the  vehicle  in  terms  of  its  position  coordinate  (♦)  are 
found  by  solving  the  spherical  triangle  with  its  vertices  at  points 
A,  E,  and  C. 

sin  La  =  ^  (1  -  cos  t)  sin  2X,  La  =  DC  (9) 


,  _  sin  X  sin  +  T 

sin  Lo  =  - r - ,  Lo  =  AD 

cos  La  * 


The  position  coordinate  can  further  be  defined  as  the  ratio  of  the 
distance  of  the  vehicle  from  the  turn  initiation  point  (AC)  to  the 
radius  of  the  minor  circle  in  its  plane  (turning  radius). 

i  =  R/Ro  sin  X 

where  R  is  the  range  along  the  minor  circle,  and  Rq  is  the  earth's 
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radius.  Since  spherical  triangles  OAB  and  OCB  are  congruent, 
AB  =  CB  and  then 

tan  y  =  tan  (i/2)  sin  X 

Solving  triangle  BDC 


Sin  I 


sin  La 
sin  y 


After  suitable  manipulation 

Sin  I  =  sin  *  cos  Xa/i  c°~  I  sin^~X~  (11) 

V  1  +  cos  f  '  ' 

This  equation  specifies  the  new  orbital  plane  with  respect  to  the  old 

orbit  for  any  value  of  the  position  coordinate  and  is  shown  in  Fig.  11. 

The  position  coordinate  is  a  function  of  the  range  along  the  minor 

circle,  which  in  turn  is  related  to  the  vehicle  velocity  loss  as  it 

decelerates  in  its  glide  path.  Using  the  results  of  a  previous 

.  4  (*0 

analysis, 

R  »  r  1 

R  =  ^  -  sin  X  |_loge|F(xi)|-  logjF(x)[j  (12) 

or  relating  this  expression  to  the  position  coordinate 

+  =  ^  [loce|F(xi)|  -  loge|F(x)|j  (13) 

where  F(x),  the  range  function,  is  given  by 


F(x)  =  1  - 


4  2-, 

sin  X 


sin? 


4  2* 

sin  X 


-  2  x  +  1 


(1M 


and  x  is  the  ratio  of  vehicle  velocity  (u)  to  earth  skimming  orbit 
velocity  (uq).  The  logarithm  of  the  range  function  is  shown  for 
various  minor  circles  graphically  in  Fig.  12  and  numerically  in 
Appendix  B.  These  can  be  used  as  calculating  tools  for  making 


estimates. 


08 


0.4  0.6 

x 


Fig.  12 — Range  function 
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With  the  equations  presented,  it  is  possible  to  calculate  the 
velocity  lost  by  the  vehicle  during  the  glide  phase  in  making  a  change 
in  orbit  plane.  Examination  of  the  equations  indicates  that  if  this 
velocity  loss  is  to  be  minimized,  a  high  lift  to  drag  ratio  is 
indicated.  Although  large  changes  in  orbital  plane  can  be  accomplished 
by  following  trajectories  with  short,  turning  radii,  e.g.,  X  =  30  deg, 
such  maneuvering  will  probably  be  prohibited  by  limitations  of  the 
cooling  system  in  the  vehicle.  Thus,  it  may  be  more  practical  to 
consider  more  gently  turning  trajectories  (X  =  45  deg  or  60  deg)  to 
avoid  severe  heating  conditions  associated  with  sharp  turns. 

ASCENT  PHASE 

At  the  end  of  the  glide  phase,  the  velocity  of  the  vehicle  must  be 
restored  to  orbital.  Beyond  this  velocity  increment  (AV^),  a  further 
increment  (AV^)  is  required  to  initiate  the  ascent  to  the  new  orbit. 

If  the  ascent  is  a  Hohmann  semiellipse,  then  no  change  in  path  angle 
is  required,  and  the  incremental  velocity  change  is  applied  parallel 
to  the  local  horizon.  If,  however,  the  ascent  trajectory  is  not  a 
Hohmann  transfer,  then  an  angular  change  in  flight  path  is  required 
as  well  as  increased  magnitude  in  velocity.  Because  of  the  symmetry, 
one  may  use  the  result  of  calculations  made  in  the  section  on  the 
descent  from  orbit,  or  substitute  the  proper  initial  conditions  in 
the  general  equations  of  motion. 

For  the  Hohmann  ascent,  the  velocity  increment  required  to 
initiate  the  transfer  from  an  orbit  at  34.4-n  mi  altitude  is  given  by 

fa.  _±_(  /_  l  r/Ro 
uo  '  yi^iVV1-01  ♦  -A, 


i 


(15) 
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where  r  is  the  radius  of  the  new  orbit,  and  the  constant  1.01  is  the 
ratio  of  the  assumed  radius  of  the  glide  trajectory  to  the  radius  of 
the  earth. 

For  the  ballistic  ascent  to  the  new  orbit,  the  path  angle  must 
be  changed,  and  this  additional  effect  is  included  in  the  following 
equations. 

AV_  =  A/u2  +  u2-2u  u  cos  v  (16) 

3  V  r  c  r  c  a 

tan  Y  =  1  -  1.01  R  /r  (17) 

8.  O 

where  Eq.  17  specifies  the  initial  flight  path  angle  (y  )  required  to 
initiate  ascent  to  the  new  orbital  altitude,  and  the  magnitude  of 
velocity  change  is  given  by  Eq.  17,  based  on  knowledge  of  the  reentry 
velocity  (u^)  developed  in  an  earlier  section  of  this  Memorandum. 

Figure  13  shows  the  magnitude  of  the  velocity  change  required  to 
initiate  ascent  as  a  function  of  the  altitude  of  the  target  orbit. 

INJECTION  PHASE 

At  the  end  of  the  ascent  transfer,  a  velocity  increment  (AV^)  is 
applied  to  the  space  vehicle  to  inject  into  the  new  orbit.  This  method 
has  previously  been  used  in  several  Air  Force  space  programs  and  is  the 
familiar  "kick  in  the  apogee"  method  of  orbit  injection.  The  velocity 
increment  required  for  this  phase  is  exactly  the  same  as  that  used  to 
initiate  the  descent  developed  earlier.  Thus,  if  the  altitude  of 
the  old  orbit  and  new  orbit  are  the  same, 

&v1  =  av4  (18) 

if  the  descent  and  ascent  trajectories  are  also  identical.  The  major 


Velocity  increment  for  oscent,  V3  (IOOO  ft/sec) 
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Fig.  13  —  Velocity  requirements  for  ascent  phase 
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difference  between  the  deorbit  and  injection  phases  is  that  the 
velocity  increment  associated  with  the  deorbit  phase  tends  to  slow 
the  spacecraft,  whereas  the  velocity  increment  associated  with  in¬ 
jection  tends  to  speed  up  the  vehicle. 
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II .  NUMERICAL  EXAMPLE 

This  sectien  presents  a  numerical  example  of  the  calculations 
outlined  in  this  study,  and  demonstrates  how  the  various  phases  of 
the  synergetic  plane  changing  maneuver  are  gathered  together.  During 
the  course  of  this  example,  the  influence  of  vehicle  design  parameters 
will  be  shown. 

As  a  start,  it  will  be  assumed  that  a  spacecraft  complete  with 
wings  of  some  sort  is  orbiting  the  earth  at  an  altitude  of  300  n  mi. 

It  has  been  decided  that  an  orbital  plane  change  of  45  deg  is  required, 
and  that  the  transfers  for  descent  and  ascent  will  be  along  the  long 
range  ballistic  path  (©  =  90  deg)  in  an  attempt  to  keep  the  time  of 
the  maneuver  short.  The  orbital  spacecraft  has  the  following 
properties:  W/A  «  30  lb/ ft2,  max  =  0.6,  CL(at  max  L/D)  =  0.15, 

L/D  (max)  =  3.0.  The  initial  velocity  increment  (AV^  is  applied  to 
slow  the  spacecraft  down.  The  magiitude  is  taken  from  Fig.  3  (p.  8), 
and  AV^  =  899  ft/sec.  Subsequently,  the  vehicle  descends  along  a 
ballistic  trajectory  to  the  reentry  point  in  the  earth's  atmosphere. 
The  reentry  velocity  is  25,876  ft/sec  (Fig.  4,  p.  9)  and  the  reentry 
angle  is  4  deg  (Fig.  2,  p.  7)*  Using  a  constant  L/D  during  the 
pullout  (L/D  =  3),  the  velocity  at  the  end  of  pullout  is  25,257  ft/sec. 
Assuming  that  the  equilibrium  glide  is  to  be  flown  at  maxim™  L/D,  the 
W/CjA  during  the  glide  phase  is  200  ib/ft2.  Calculating  the  initial 
altitude  for  this  phase  by  use  of  Fig.  16  (p.  4o),  one  finds  that  at 
an  initial  velocity  of  25,257  ft/sec  and  a  w/CjA  of  200  lb/ft2,  the 
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lnitial  altitude  would  have  to  be  198,000  ft  for  a  minor  circle  turn 
specified  by  X  -  45  deg.  Thus,  the  altitude  at  the  end  of  the  pullout 
should  also  be  198,000  ft  to  natch  initial  conditions  for  the  glide 
phase.  Using  the  information  on  Pig.  5  (or  Eq.  7),  one  finds  that 
if  a  W/CjA  of  1  lb /ft  is  used  during  the  pullout  maneuver,  the  final 
altitude  would  be  307,000  ft,  109,000  ft  too  high.  The  W/C^A  during 
pullout  is  calculated  by  applying  the  correction  factor  noted  earlier 
in  the  discussion  of  Fig.  5  (p.  12),  ani  the  W/CjA  should  be  94  lb/ft2 
(by  the  correction  factor,  24,000  loge  W/C^A  -  109,000). 

During  the  glide  phase,  the  orbital  inclination  is  required  to 
change  by  45  deg.  Figure  11  shows  that  the  distance  traveled  around 
the  minor  circle  (♦)  should  be  65.5  deg  or  about  1.14  radians. 

Substituting  this  value  for  the  position  coordinate  and  an  L/D  ratio 
of  3  into  Eq.  13, 

1.14  Cloge  lF(xi)l  -  loge|F(x)|] 

and  knowing  that  x±  =  0.974  =  25,257/25,940,  one  can  determine  the  velocity 
of  the  vehicle  when  the  required  turn  has  been  achieved.  From  Fig.  12 
(p.  22),  logelF(xi)|  =  0.805.  Subtracting  O.762  from  this  value 
yields  0.043.  By  finding  the  value  of  loge|F(x)|  =  0.043  on  Fig.  12, 
x  =  0.722,  one  then  finds  that  the  velocity  at  this  time  is  18,731 
ft/sec  (0.722  x  25,940).  At  the  end  of  the  glide  phase,  a  velocity 
increment  (AVg)  is  applied  to  bring  the  vehicle  velocity  to  orbital 
speed.  Orbital  speed  is  given  by  uc  =  uQ^/RQ/r,  and  for  altitudes 
near  34.4  n  mi,  u,  =  25, 8ll.  Thus,  AVg  =  25,811  -  18,731  =  7080  ft/sec. 
Once  the  orbited  speed  is  restored,  a  further  velocity  increment 
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(AV^)  is  required,  to  initiate  transfer  to  300  n  mi.  The  path  angle 
and  velocity  change  are  given  by  Eqs.  l£  and  17.  In  this  case 
AV^  =  1833  ft/sec  and  the  initial  path  angle  for  the  ascent  is  the 
same  as  the  reentry  angle,  4  deg.  The  velocity  increment  (AV^) 
required  for  injection  at  the  apogee  of  the  transfer  trajectory  is 
the  same  as  AV^  and  amounts  to  899  ft/ sec.  Finally,  the  total 
velocity  required  to  accomplish  the  entire  maneuver  is  the  total  of 
the  increments,  and  in  this  case  amounts  to  10,711  ft/sec.  If  the 
maneuver  were  accomplished  by  pure  rocket  power  at  orbited  altitude, 
the  velocity  increment  required  would  be  19,041  ft/sec. 
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III .  CONCLUSIONS 


This  study  has  presented  an  analysis  of  synergetic  plane 
changing  for  orbiting  spacecraft  designed  for  lifting  reentry.  Each 
phase  of  the  maneuver  has  been  analyzed  through  the  use  of  approximate 
closed  form  solutions  to  the  equations  of  motion,  when  these  cannot 
normally  be  solved  analytically.  Certain  drag  losses  have  been 
neglected  (for  example,  the  drag  loss  associated  with  the  speedup 
and  ascent  to  orbit),  but  these  are  not  large  enough  to  affect  the 
general  nature  of  conclusions  drawn  from  a  preliminary  analysis  such 
as  this  one.  In  an  exanqple  it  was  shown  that  a  45  deg  plane  change 
could  be  accomplished  with  a  synergetic  maneuver  with  less  energy 
expenditure  than  by  use  of  pure  rocket  propulsion  in  space.  The 
difference  in  velocity  requirements  was  not  great,  but  the  descent 
and  ascent  trajectories  were  not  minimum  energy  trajectories.  If 
minimum  energy  descent  and  ascent  trajectories,  namely  Hohmann  semi¬ 
ellipses,  are  chosen,  considerable  savings  in  energy  are  possible. 

The  velocity  required  to  effect  an  orbital  plane  change  in  space 
is  given  by 

AV  =  uc  y/z  (1  -  cos  I)  =  2  u£  sin  |  (19) 

where  I  is  the  amount  of  plane  change,  and  u£  is  the  orbital  velocity. 
Using  the  material  developed  in  this  study,  it  is  possible  to  compare 
the  energy  expenditure  required  to  change  planes  by  the  two  methods. 

For  this  comparison,  the  descent  and  ascent  phases  of  the  synergetic 
maneuver  will  be  Hohmann  transfer  semiellipses.  Figure  14  shows  the 
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Fig. 14 — Total  velocity  requirements  for  two 
methods  of  plane  changing 
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velocity  requirements  for  various  amounts  of  orbital  plane  change  for 
both  methods,  assuming  an  orbital  altitude  of  300  n  mi.  Table  1  gives 
a  more  detailed  accounting  of  the  amounts  of  various  velocity  increments 
for  the  synergetic  plane  change.  Variations  in  altitude  about  this 
reference  case  will  not  drastically  affect  the  results,  and  will  not 
change  the  basic  trends.  Since  the  lift  to  drag  ratio  of  a  lifting 
vehicle  also  affects  the  performance  during  the  glide  phase  of  the 
synergetic  plane  change,  the  effects  of  variations  of  this  parameter 
are  also  shown.  It  is  seen  immediately  that  lift  to  drag  ratios  less 
than  unity  will  not  result  in  any  saving  in  energy  over  the  rocket 
method.  In  fact,  it  would  be  more  costly  to  use  synergetic  plane 
changing  for  low  lift  to  drag  ratios.  If  plane  changes  are  restricted 
to  values  less  than  5  deg,  it  is  also  more  costly  to  employ  synergetic 
plane  changing  even  when  using  Hohmann  transfers.  If  large  orbital 
changes  are  required  for  a  given  mission  (I  >  5  deg),  it  appears 
that  synergetic  plane  changing  can  be  much  less  costly  than  the  direct 
method  of  rocket  propulsion  alone,  if  the  lift  to  drag  ratio  of  the 
spacecraft  is  reasonably  large.  The  larger  the  lift  to  drag  ratio, 
the  larger  the  saving  in  using  the  synergetic  method.  For  very 
large  orbital  plane  changes,  however,  the  synergetic  method  will 
become  more  expensive  than  the  rocket  method.  The  reason  for  this 
trend  is  that  so  much  energy  is  lost  by  the  vehicle  during  the  turning 
glide  phase,  it  is  almost  as  economical  to  land  the  vehicle,  put  it 
back  on  a  booster  at  a  launch  pad,  and  then  launch  it  back  into  orbit. 
Thus,  even  the  synergetic  method  of  changing  planes  has  its  limits. 

The  use  of  multiple  thrusting  periods  during  the  glide  phase 
of  the  vehicle  may  offer  an  alternative  method  for  improving  the 


Table  1 


VELOCITY  INCREMENTS  REQUIRED  FOR  SYNERGETIC  PLANE  CHANGING* 


Plane  change  =  15° 

AV1  AV2 

AV4 

AV 

£  =  1  462  5,888  470  462 
^  =  2  462  2,801  470  462 
|  =  3  462  1,764  470  462 
g  =  4  462  1,219  470  462 
Plane  change  =  30° 

AV1  AV2  AV  AV4 


462 

14,345 

470 

462 

15,739 

cu 

11 

•J  |Q 

462 

5,914 

470 

462 

7,308 

S-3 

462 

3,865 

470 

462 

5,259 

462 

2,827 

470 

462 

4,221 

Plane  change  =  60 

AVi 

C\J 

0 

J!i_ 

AV4 

AV 

15  =  1  462  — a  470  462 

^  =  2  462  15,693  470  462 

5  =  3  462  8,664  470  462 

|  =  4  46  2  6,225  4  70  462 

^Initial  and  final  orbital  altitudes  are  300  n  mi. 
Transfers  Eire  by  Hohmann  semiellipses  to  and  from  an 
altitude  of  34.4  n  mi. 

®Land  vehicle  and  launch  to  orbit  in  new  plane. 


17,087 

10,058 

7,619 


7,282 

4,195 

3,158 

2,613 

AV 
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efficiency  of  the  synergetic  plane  change  for  large  changes  in  plane. 
Examination  of  Table  1  shows  that  with  an  L/D  of  2  and  a  plane  change 
of  60  deg,  it  would  be  more  economical  to  use  two  plane  changes  of 
30  deg.  Even  this  multiple  maneuver  may  be  improved  somewhat  by 
merely  restoring  speed  in  the  glide  phase  after  the  first  30  deg 
of  plane  change  has  been  accomplished  so  that  the  second  part  of 
the  turn  is  initiated  at  a  higher  speed.  This  improvement  would  not 
require  that  the  vehicle  be  boosted  back  up  to  an  orbit  outside  the 
atmosphere.  Thus  the  logic  of  this  type  of  improved  synergetic 
plane  change  could  be  represented  by  the  equation, 

AV  =  2AV1  +  2 AV2  + 

where,  for  a  60-deg  plane  change,  the  two  AV^s  are  those  associated 
with  a  plane  change  of  30  deg.  With  this  improvement,  a  60-deg 
plane  change  would  require  a  total  velocity  increment  of  13,222  ft/sec 
as  opposed  to  making  a  single  maneuver  that  would  require  17,087 
ft/sec.  Thus  it  would  appear  that  further  study  is  required  to 
examine  the  use  of  multiple  thrusting,  or  the  possibility  of  using 
continuous  tlirust  during  the  glide  phase  to  maintain  constant  speed 
in  the  atiao sphere. 

If  the  orbital  altitude  of  the  spacecraft  is  increased  by  an 
order  of  magiitude  or  more,  the  synergetic  method  is  more  costly 
than  ever.  At  the  same  time,  the  velocity  increment  required  to 
change  planes  directly  at  altitude  has  decreased  by  an  amount 
indicated  in  Eq.  19.  The  relative  tradeoffs  in  methods  are  shown 
for  a  15-deg  plane  change  as  a  function  of  altitude  in  Fig.  15.  The 
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Fig.  15  —  Velocity  increments  required  for  plane  changes 

at  other  altitudes 
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synergetic  method  becomes  more  expensive  at  higher  orbital  altitudes 
because  of  the  increased  velocity  requirements  for  the  descent  to  and 
ascent  from  the  earth's  atmosphere.  Additionally,  the  weight  of  the 
vehicle  would  have  to  increase,  because  a  more  efficient  cooling 
system  would  be  required  to  withstand  the  higher  speed  reentries  into 
the  atmosphere.  Thus,  the  use  of  synergetic  plane  changing  is 
restricted  to  lower  altitudes  where  reentry  parameters  will  fall  within 
the  boundaries  established  by  cooling  technology.  At  the  lower 
altitudes,  the  maneuver  is  a  method  of  conserving  energy  when  large 
plane  changes  are  required. 
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Appendix  A 

GRAPHIC  GLIDE  TRAJECTORY  CALCULATOR 

Those  working  in  the  field  of  reentry  dynamics  often  need  to 

calculate  preliminary  data  concerning  the  flight  trajectory  and  to 

investigate  trajectory  and  vehicle  design  interactions.  This  appendix 

presents  a  simple  graphical  device  that  will  provide  trajectory 

information  for  glide  reentry  into  the  earth's  atmosphere. 

The  equations  of  motion  of  glide  vehicles  reentering  the  earth's 

atmosphere  have  been  discussed  by  many  authors.  Since  the  primary 

interest  in  this  Memorandum  is  in  turning  glide  trajectories,  equations 

(4) 

that  include  these  effects  have  been  selected.  '  The  basic  equations 
of  motion  can  be  combined  after  certain  reasonable  assumptions  to  give: 

(20) 

(21) 


where 

g  =  acceleration  due  to  gravity 
L/D  =  vehicle  lift  to  drag  ratio 
s  =  distance  along  a  minor  circle  descent  path 
u  =  vehicle  velocity 

uq  =  earth  skimming  satellite  velocity  (25>940  ft/sec) 

X  =  arc  length  radius  of  minor  circle  (about  the  earth's  center) 
0  =  vehicle  bank  angle 


-39- 


The  assumptions  made  in  deriving  these  equations  are  that  the 
initial  path  angle  is  nearly  zero,  and  that  the  distance  from  the 
vehicle  to  the  earth's  center  is  approximately  equal  to  the  earth's 
radius.  A  nonrotating  spherical  earth  is  also  assumed.  If  it  is 
further  assumed  that  the  density  of  the  atmosphere  is  exponentially 
distributed  as  a  function  of  altitude,  then  an  altitude -vehicle 
velocity  relationship  can  be  established. 


0h 


Vo  .  w 
loge  —  -  l°8e  57 

Li 


-  l 


2. 

+  cos  X 


(22) 


where 


A  =  aerodynamic  reference  area 

CT  =  aerodynamic  lift  coefficient 

d  =  air  density 

dQ  =  sea  level  density  of  air  (lb/ft^) 

R  =  earth  radius 
o 

W  =  vehicle  weight 

0  =  exponential  distribution  constant  (d  =  dQ  e”  ) 

This  equation  is  particularly  useful  in  preliminary  design  determinations. 
The  shape  of  this  function  of  velocity  is  independent  of  vehicle  design, 
and  depends  only  on  specific  values  of  the  radius  of  the  minor  circle 
path.  Changes  of  vehicle  configuration,  namely  W/C^A,  result  in  a 
logarithmic  translation  of  this  basic  curve,  or  set  of  basic  curves 
corresponding  to  various  minor  circle  radii.  Thus  it  is  possible  to 
make  one  calculation  and  extend  it  for  all  values  of  aerodynamic  wing 
loading.  Figure  16  shows  the  result  of  this  calculation  for  a  wing 


Altitude  (1000  of  ft) 
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Fig.  16 — Glide  reentry  computer 
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loading  of  1  lb/ft2  (w/CjA).  The  logarithmic  scale  for  W/CjA  shows 
the  position  of  the  velocity  axis  for  other  values  of  wing  loading. 
Thus,  to  construct  the  altitude -velocity  profile  for  any  configuration 
it  is  necessary  to: 

1.  Mark  velocity  and  altitude  axes  on  a  piece  of  graph 
paper  to  the  same  scale  as  shown  in  Fig.  1 6. 

2.  Place  the  graph  paper  over  Pig.  1 6. 

3.  Move  the  graph  paper  in  a  vertical  direction,  keeping 
the  altitude  axes  aligned  until  the  velocity  axis  on 
the  graph  paper  lies  over  the  design  W/CTA. 

4.  Fasten  the  graph  paper  and  Fig.  16  firmly  together 
in  this  position. 

5.  Trace  the  desired  altitude-velocity  profile  on  the 
graph  paper. 

6.  To  obtain  equilibrium  temperatures  for  a  flat  plate 
one  foot  aTt  of  the  leading  edge  at  an  angle  of 
attack  of  5  ,  unfasten  the  graph  paper  from  Fig.  1 6 
and  align  both  axes  on  both  pieces  of  paper.  Then 
trace  the  temperature  contour  of  interest. 

The  result  of  these  manipulations  is  the  altitude  profile  as  a  function 

of  vehicle  velocity. 

Another  problem  that  can  be  solved  is  the  specification  of  the 
maximum  value  of  W/C^A  if  the  thermodynamics  of  the  vehicle  materials 
are  known.  In  this  case,  the  temperature  profile  of  interest  is 
constructed  as  described  in  Step  6  above.  The  graph  paper  is  moved 
in  a  vertical  direction  as  before,  until  the  altitude  velocity  profile 
just  touches  the  temperature  contour  on  the  graph  paper.  The  maximum 
value  of  W/CjA  is  then  found  below  the  velocity  axis  on  the  graph 


paper. 


Appendix  B 

TABULATION  OF  THE  RANGE  JUNCTION 


This  appendix  consists  of  a  tabulation  of  the  range  function,  F(x), 
referred  to  in  the  text  of  this  Memorandum.  This  function,  while  not 
complicated,  is  somewhat  unwieldy  from  a  numerical  standpoint, 
particularly  if  repeated  calculations  are  made  for  many  different 
descents  into  the  earth's  atmosphere.  In  this  Memorandum,  only  partial 
descents  into  the  atmosphere  are  considered,  but  the  table  has  been 
prepared  so  that  velocities  down  to  2594  ft/sec  can  be  considered,  as 
would  be  necessary  in  the  investigation  of  a  reentry  into  the  earth’s 
atmosphere.  Below  this  velocity,  certain  effects  neglected  in  the 
analysis  would  become  too  large  to  ignore. 

The  range  function  allows  rapid  determination  of  the  distance  that 
a  reentry  vehicle  travels  along  a  particular  minor  circle  path  as  a 
function  of  x,  the  ratio  of  the  vehicle  velocity  to  earth  skimming 
orbit  velocity  (25, 9^0  ft/ sec ) . 


F(x)  =  1 


.  2,  sin  Xa/  .2, 

sin  X  V  sin  X 


-  2x  +  1 


The  parameter  X  is  merely  the  radius  of  the  circle  on  the  earth's  surface 
expressed  as  an  earth-centered  angle.  The  special  case  where  X  =  90  deg 
is  an  in-plane  descent  with  no  turning.  For  this  descent,  the  range 
function  degenerates  into  a  simpler  function  which  is  not  so  tedious 
in  hand  calculations.  Pages  45  to  103  show  the  range  function  and  the 
logarithm  of  the  absolute  value  of  the  range  function  in  0.001  increments 
of  x  for  the  minor  circle  turns  defined  by  X  =  30  deg,  X  =  45  deg,  and 


-i*3- 

X  -  60  deg.  The  value  X  =  deg  is  of  particular  interest  in  reentry 
problems  since  this  minor  circle  path  results  in  the  maximum  cross 
range  in  an  out-of -plane  descent. 

For  those  not  familiar  with  digital  computer  printout  routines, 
entries  in  the  tabular  material  are  shown  in  a  form  involving  exponential 
powers  of  10.  A  number,  such  as  1.012,  is  written  as  0.10120E  01,  or  as 
another  example,  the  number  0.001012  would  be  written  as  0.10120E-02. 

The  numbers  following  the  letter  E  in  the  group  simply  indicate  the 
number  of  places  the  decimal  point  should  be  shifted  to  the  right.  If 
a  dash  is  used  following  the  letter  E,  the  shift  of  decimal  point  is  to 
the  left. 


(19  pages) 


-*+5-  X  =  30  deg 
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-0.10203022E 

01 
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01 

0 . 15093 1 1 3E-00 

0.27100E-00 

-0 . 11642624E 

0  1 

0. 15208779E-CO 

0. 27200E-00 

-0.11656154E 

01 

0. 15324923E-00 

0.27300E-00 

-0 . 11669756E 

01 

0. 15441545E-C0 

0.2  7400E-00 

-0  .  U683429E 

0  1 

0. 15558647E-00 

0.2  7500E-00 

-0.11697175E 

0  1 

0. 15676229E-00 

0.2  76C0E -00 

-0.117 10993E 

01 

0. 15794291E-00 

0.27700L-00 

-0. 11724884E 

0  1 

0. 15912835E-00 

0.2  7800E-00 

-0.1  173884  7E 

0  1 

0. 16031858E-00 

X  =  30  deg 


-48- 

0.279CCL-00 

-0.11752885E 

01 

0.280006-00 

-0 . 117669956 

01 

0.281 OOE-CO 

-0 .117811796 

Gl 

0.2  82  OCE -00 

-0.117954  376 

01 

0. 283006-00 

-0.1 180977  IE 

01 

0. 28400L-00 

-0.11824178E 

01 

0. 286C0E-00 

-0. 1183866CE 

01 

0 . 2  86 COE- 00 

-0.118532186 

01 

0. 2870CL-00 

-0.1 186785  IE 

01 

0.288006-00 

-0 . 1 188256CE 

01 

0.289006-00 

-0. 1  1897345E 

01 

0.290006-00 

-C  .  1 1912206E 

01 

0.291C0L-00 

-0 . 1 1927 1446 

01 

0.292006-00 

-0.11942159E 

01 

0. 29300E-C0 

-0.119572516 

01 

0. ^94006-00 

-0 . 1 197242  IE 

01 

0.295006-00 

-0.119876696 

01 

0. 296C06-00 

-0 .120029956 

01 

0. 29700E-00 

-0.1201840C6 

01 

0.298006-00 

-0 . 12G33883E 

01 

0. 299C0t-C0 

-0 . 12049446E 

01 

0.300006-00 

-0. 12065087E 

01 

0. 30100L-00 

-0.120808086 

01 

0. 302006-00 

-0. 1209661CE 

01 

0.  30  3  COE- 00 

-0 .121  124926 

01 

0. 304006-00 

-0. 12128454E 

01 

0.  305  COE- CO 

-0 .121444986 

01 

0. 306C0E-00 

-0.12 160622E 

01 

0. 307006-00 

-0 .12176829E 

01 

0.  308  COE- CO 

-0 . 121931  l?E 

01 

0.309006-00 

-0.122094886 

01 

0. 31000E-00 

-0. 1222594  IE 

01 

0. 311006-00 

-0. 12242477E 

01 

0. 312C0E-C0 

-0. 12259096E 

01 

0. 313006-00 

-0. 12275799E 

01 

0. 31400E-00 

-0 .12292586E 

01 

0. 316006-00 

-0 . 12309457E 

01 

0. 316006-00 

-0.12326413E 

01 

0. 3 1 700E-00 

-0. 12343453E 

01 

0. 318006-00 

-0.12360579E 

01 

0.319006-00 

-0.123777906 

01 

0.320006-00 

-0. 12395088E 

01 

0.321006-00 

-0.12412471b 

01 

0.  32200E-00 

-0 . 1242994  IE 

01 

0. 323006-CO 

-0. 12447498E 

01 

0. 324C06-00 

-0.12465142E 

01 

0.  325006-00 

-0. 12482875E 

01 

0.326006-00 

-0 .125006956 

01 

0.  127006-C0 

-0.125  18603E 

01 

0. 328006-00 

-0. 12536b0lE 

01 

0.  329C06-00 

-0.12554687E 

01 

0. 33000E-00 

-0.125728636 

01 

0. 33100E-00 

-0. 12591129E 

01 

0.332006-00 

-0 . 12609484E 

01 

0.  333006-00 

-0  •  1 262793CE 

01 

0.334006-00 

-0 . 12646467E 

01 

0. 335006-00 

-0. 12665096E 

01 

0.3  36C06-00 

-0.126838166 

01 

0.337006-00 

-0 . 12702628E 

01 

0. 338006-00 

-0.127215336 

01 

0. 16 1 5 1 3646-00 
0. 16271353E-C0 
0. 163918236-00 
U. 166127766-00 
0. 166 3421 36-CO 
0. 16766 1356-CO 
0.1687854  IE-00 
0. 17001431E-00 
G.  1 71 24  80  8E- 00 
0. 1 7248670E-C0 
0. 1737301 9E-00 
0. 17497854E-00 
0. 1  762  31 77E-00 
n.  1  7748987E-00 
0.1  7875286E-00 
0. 18002073E-00 
0. 1812935  0E- 00 
0.  18257116E-C0 
0.  18385372E-00 
0. 18514117E-00 
0. 186433566-00 
0. 18773084E-00 
0. 18903304E-00 
0. 190  340 1 7E-00 
0. 19165222E-00 
0. 192969206-00 
0. 194291 14E-00 
0. 196617996-CO 
0.  1969497  9E-00 
0. 198286566-00 
0. 1996282  7E-00 
0.200974956-00 
0.20232636E-00 
0.20368315E-00 
0.20504471E-00 
0 .20641  124E-C0 
0. 20778277E-00 
0.209159266-00 
0 .21054074E-00 
0.211927216-00 
0.21331 86 8E-C0 
0.214715166-00 
0 . 2 16 1 1 66  3E-00 
0. 21  75231  16-00 
0. 21893460E-00 
0.2203511  IE-00 
0.22177264E-00 
0.223199186-00 
0.22463077E-00 
0.226067376-00 
0.22750901E-00 
0.228955686-00 
0.230407426-00 
0.23186418E-00 
0.233326006-00 
0.23479287E-C0 
0.236264796-00 
0.237741786-00 
0. 23922 385E-00 
0.24071C95E-C0 


-49- 


X  =  30  deg 


0.  1390GE-C0 
0. 34000E-00 
0 • 34 1 OOE-OO 
0. 3420UE-00 
0. 34300E-00 
0. 3440GE-00 
0.  145COE-00 
0.  14600E-00 
0. 34700E-CC 
0.  34800E-00 
0. 3490ct-C0 
0.  1  50COL-C0 
0. 35 ICOt-OC 
0.3520UE-00 
0. 353COE-00 
0. J5400E-00 
0.3550GL-C0 
0. J86COL-CO 
0. 35700E-00 
0. 3580GE-C0 
0.35900L-00 
0. 36000E-00 
0. 36100E-00 
0.362COE-CG 
0. 36300t-00 
0. 36400E-00 
0. 36500t-00 
0. 36600E-CG 
0. 3670GE-00 
0. 36800E-00 
0.36900L-00 
J. 37000E-00 
0.371C0E-00 
0.37200E-00 
0. 37  JOOL-CO 
0. 37400t-CO 
0. J7500E-00 
0.37600E-00 
0.3770OE-C0 
0. 37800E-00 
0. 37900t-00 
0. 3800GE-00 
0. 38100E-00 
0.  38200E-00 
0.3  8  3CGE-00 
0.38400E-00 
0. 38500E-00 
0.38600E-00 
0. 38700E-00 
0. 38800E-00 
0. 38900E-C0 
0. 390C0E-00 
0. 391 0GE-00 
0. 39200E-0G 
0.3930GE-00 
0. 39400E-00 
0. 39500E-00 
0. 3960GE-00 
0. 397COE-00 
0. 398C0E-00 


-0.12740629E  01 
-0.12759620E  01 
-0 • 12778 804E  01 
-0.12798G81E  01 
-0.12817453E  01 
-0. 12836920E  01 
-0 . 1283648  IE  01 
-0.12876138E  01 
-0. 128958 9 CE  01 
-0.12915739E  01 
-0.12938685E  01 
-0.12955727E  01 
-0.12975867E  01 
-0. 12996  105E  01 
-0.13016441E  01 
-0.13G36875t  01 
-0. 13057408t  01 
-0 . 1 30  7  804  1 E  01 
-0.13098773E  01 
-0. 131  I960 6 E  01 
-0.1 31 405  39E  01 
-0.13L61573E  01 
-0.13182  J 08E  01 
-0.13203946E  01 
-0.13225235E  01 
-0.13246727E  01 
-0.13268273E  01 
-0.13289921E  01 
—  0 .1331  l  674E  01 
-0.1333353CE  01 
-0. 1 3  3  5  549  2  E  01 
-0.1  337  7558E  01 
-0.13399731E  01 
-0.1342  2009 E  01 
-0.1 3444395E  01 
-0 . 1  3466886E  01 
-0 . 1 34 8  94 86  E  01 
-0.13512192E  01 
-0. 1353500 7E  01 
-0. 13557931E  01 
-0.13580964E  Cl 
-0.136C4106E  01 
-0.13627359E  01 
-0.13650721E  01 
-0.13674194E  01 
-0.1 369  778CE  01 
-0.1372  1476E  01 
-0.13745285E  01 
-0.13769206E  01 
-0.13793241E  01 
-0.13817389E  01 
-0.13841652E  01 
-0.13866G29E  01 
-0.1 3890320E  01 
-0.13915128E  01 
-0 . 1 39  3985  1  E  01 
-0 . 139646 9 OE  01 
-0.13989647E  01 
-0.14014721E  01 
-0.14039912E  01 


0.2422031 5E-00 
0.24370041E-00 
0.24320275E-C0 
0.2467101 9E- CO 
0.24E22269E  —  00 
0.24974029E-00 
C.25I26299E-C0 
0.252  7907  7E- CO 
0.2S432364E-00 
0.25586 163E-00 
0.25740471E-C0 
0.23895291E-00 
0.2605062  IE-00 
0.26206462E-00 
0.2636281 5E-C0 
C.26519679E-00 
0.26677057E-00 
0.26834947E-00 
0.26993350E-00 
0.27152266E-00 
0.2731 1 695F-00 
0.2747  1637E-C0 
0.27632092E— 00 
0.27793062E-00 
0.27954545E-00 
0.28  1  16544E-00 
0.28279057E-00 
0. 2 84 4 208 6E -00 
0.28605628E-00 
0.28769687E-C0 
0.28934263E-00 
0. 2909935  IE-00 
0.29264957E-00 
0.29431079E-C0 
0.29597718E-C0 
0.297 64 874E-C0 
0.29932544E-00 
C . 30 1 00  7  32E -CO 
0. 3026944CE-00 
0. 30438662E-00 
0. 30608402E-00 
0. 30778659E-00 
0. 30949435E-00 
0.31 120727E-00 
0.31292539E-00 
0. 31464868E-C0 
0. 316377 16E-00 
0.318110  79E-00 
0. 31984963E-C0 
0.32159366E-00 
0.32334284E-00 
0.32  509  7 2 5E -00 
0. 32685681E-C0 
0.32862157E-C0 
0.3303915 1 E-00 
0. 33216665E-00 
0. 33394697E-C0 
0. 33573249E-00 
0.3375231 8E-00 
0.33931908E-00 


0. 399006-00 
0. 400006-00 
0.40100E-00 
0. 402006-00 
0 . 40300E- 00 
0 . 40400E-00 
0. 40500E- 00 
0.406006-00 
0.407006-00 
0 . 40800E-00 
0 • 40900E-C0 
0.4  1000E-00 
0.41100E-00 
0.4  1200E- 00 
0.4  UC0E-00 
0.41400E-00 
0.41500E-00 
0.4  1600E-00 
0.41 700E-00 
0.41800E-00 
0.41900E-00 
0 . 420006-00 
0.42 1 00E- 00 
0 . 422  0  0fc-00 
0 .423006-00 
0 . 424C0E- CO 
0 . 42500E- 00 
0.4  260  OE- 00 
0.42700c-00 
0.42800E-C0 
0.42900E-00 
0.4300UE-00 
0 . 43  L  00E-00 
0.43200E-00 
0. 43300E-00 
0.43400E-00 
0 . 43500E-00 
0.4  3600L-C0 
0.437C0t-00 
0.438C0L-00 
0.439CQt-C0 
0.440C0t-C0 
0.441C0E-00 
0. 44200t-00 
0 . 44300E-00 
0 . 44400E-00 
0. 445006-00 
0. 44600E-00 
0.44700E-C0 
0.44800E-00 
0.44900E-00 
0.46000E-00 
0. 45100E-00 
0.4  52C0E-00 
0. 45300E-00 
0.45400E-00 
0.455C0E-0G 
0.456C0E-00 
0.45700L-00 
0.45800E-00 


-50- 

-0 . 14065222E  01 
-0 . 1409065  IE  01 
-0. 141  16198E  01 
-0 . 14  14  1865E  0 1 
-0.14167653E  01 
-0 . 1419  356  IE  01 
-0.1421959CE  01 
-0.1424574  1E  01 
-0.14272014E  01 
-0.1429841CE  01 
-0. 1432492  8E  01 
-0 . 1435157  IE  01 
-0.14378337E  01 
-0.14405227b  01 
-0.14432243E  01 
-0 . 14459384E  01 
-0 . 144  86653E  01 
-0.145 1404 fc E  01 
-0.14541567E  01 
-0.14569215E  01 
-0.145  96992E  01 
-0 . 1462489  7E  01 
-0. 14652932E  01 
-0 . 1468  1095E  01 
-0.14709389b  01 
-0. 1473781 3E  01 
-0.14766369b  01 
-0 . 14795C56E  01 
-0. 148  2  38  7  5  E  01 
-0 . 1485282  7E  01 
-0.14881911E  01 
-0.1491  113CE  01 
-0 . 14940483E  01 
-0 . 1496997 CE  01 
-0 . 14  999  59  3 E  01 
-0 . 1502935  IE  0 1 
-0.15059246b  01 
-0.15089277E  01 
-0.151  19446E  0 1 
-0. 15149753E  01 
-0.151801 9 7E  01 
-0.152  1078  lb  01 
-0. 15241  504E  01 
-0.15272368E  01 
-0. 15303371E  01 
-0. 15334516b  0  l 
-0 . I  5365802E  0  1 
-0. 153972  3  1E  01 
-0.15428802b  01 
-0.1 546051 6E  01 
-0 . 15492  37  3E  01 
-0.15524373E  01 
-0. 15556522E  01 
-0. 15588814b  01 
-0 . 1562  1252b  01 
-0 . 1565  38  17b  0) 
-0.15686668b  01 
-0 . 157 1944  7E  0  l 
-0.15752473E  01 
-0.15785649E  01 


X  =  30  deg 

0.3411201 5E-00 
0.34292641E-00 
0. 34473786E-00 
0. 34655450E-00 
0. 34837632E-00 
0. 35020331 E-00 
0. 35203552E-00 
0. 35387291E-00 
0.35571 547t-CO 
0. 35756324F-00 
0. 35941617b- 00 
0. 36127429E-0O 
0. 36313760E-00 
0. 36500609E-00 
0. 36687974E-00 
0. 36875857E-00 
0. 37064262E-00 
0. 37253  180E-00 
0.37442616E-00 
0 . 37 632  570E-C0 
0. 37823042E-00 
0.38014029E-00 
0.38205534E-00 
0.38397554E-C0 
0.38590091E-00 
0. 38783  143E-00 
0.38976  713E-00 
0.391707986-00 
0.39365397E-00 
0. 39560 512E-00 
0.39756139E-00 
0.39952285E-00 
0.40148941E-00 
0.403461 14 E-00 
0.406437986-00 
0.40741 996E-C0 
0.40940706E-00 
0.41139929E-00 
0.41 339666E-00 
0.41 53991  IE-00 
0.41740670E-00 
0.41941939E-00 
0.42  143  7 18E-00 
0.42346007E-C0 
0.42548806E-00 
0.42752  115E-00 
0 .4295593  1E-C0 
0.431 60 257E-00 
0.43365090E-00 
0.43570430E-00 
0.43776277E-00 
0.43982630E-00 
0.44 189489E-00 
0.443968536-00 
0.44604 722E-C0 
0 .448130946-00 
0.45021 971E-00 
0.45231 3496-00 
0. 454412286-GO 
0.45651612E-C0 


•51- 


X  =  30  deg 


0.45900E-00 
0.46000E-00 
0.461 0GE-00 
0. 46200E-00 
0.46300h-00 
0.46400t-00 
0. 46500E-00 
0. 46600E-C0 
0.4670CE-00 
0.46800E-00 
0. 46900L-00 
0.47000t-00 
0.471 OOt -00 
0. 47200E-00 
0. 47300t-00 
0.47400fc-00 
0.47b  OOE-OO 
0. 47600t-00 
0.47700E-00 
0. 4780CE-00 
0. 479G0E-00 
0. 48000E-00 
0.481 COE-CO 
0.48200E-00 
0.48300E-00 
0.484C0E-00 
0.48500E-00 
0 . 4  8600E- 00 
0.48700L-00 
0 . 4  88  0GE-00 
0.48900E-00 
0. 49000E-00 
0.491 00E-00 
0. 49200E-00 
0.49300E-00 
0.494  OOE-OO 
0.49500E-00 
0.49600E-00 
0. 49700E-00 
0. 49800E-00 
0.49900E-00 
0. bOOOOE-OO 
O.bOlOOE  CO 
0 . b02  COE  00 
0. b0300E  00 
0 . b0400E  00 
0.50S00E  00 
0. b0600E  00 
0.50700E  00 
0.508CCE  CO 
0. b0900E  00 
O.blOOCE  00 
*  O.bliOOE  00 
0 . b  1 2 OOE  00 
0. b  l  300E  CO 
0 . b 14 OOE  00 
0. bl50GE  00 
0 .  5 1. 6 OOE  00 
0. b  l  700E  00 
0. bl800E  00 


— 0 . 1 58 1 8973E  01 
— 0 . 1 5852447E  01 

—  0 . 1 588607  IE  01 

—  0 .1591 9846 E  01 
— 0 .15953773E  01 
-0.1598  78b  IE  01 
-0.16022082E  01 
-0 . 1605  646  5  E  01 
— 0 . 1 60 9  1 00 3E  01 
-0. 16125693E  01 
-0.16160539E  01 
-0.1619554CE  01 
-0 . 16230696E  01 
-0.16266009E  01 
-0 . 16301479E  01 
-0. 1633  7106E  01 
-0. 163728 9  IE  01 
-0.1 640  8 8  3  5E  01 
-0.1 644  49  1  7E  01 
— 0 .16481199E  01 
-0.1651 7 6 2 l E  01 
-0 . 1 6554204E  01 
-0.1 659094  8E  01 
-0.16627854E  01 
-0.16664922E  01 
-0.16702154E  01 
-0 .16739 54 8E  01 
-0.16777107E  01 
-0.16814831E  01 
-0.16852719E  01 
-0.16890773E  01 
-0.16928994E  01 
-0.16967381E  01 
-0 . 1 7005936E  01 
-0. 17044658E  01 
-0.17083549E  01 
-0.17122609E  01 
-0 . 1 7 1 6 1 8  39E  01 
-0 . 17201239E  01 
-0.17240810E  01 
-0.1 7280552E  01 
-0.17  320465E  01 
-0.17360551E  01 
-0.17400810E  01 
-0.1744  1242E  01 
-0.17481849E  01 
-0.17522629E  01 
-0.17563585E  01 
-0.17604718E  01 
-0.17646025E  01 
-0. 1768  7  5  1 0  E  01 
-0.17729172E  01 
-0.17771012E  01 
-0.17813C31E  01 
-0.17855228E  01 
-0.1789  7605E  01 
-0 . 1  7940 162E  01 
-0 . 1 7982900E  01 
-0.18025E19E  01 
-0.18068919E  01 


0.45862495E-00 
0.46073879E-00 
0.46285762E-00 
0.46498 145E-00 
0.467 l 1025E-00 
0.46924403E-00 
0.471 38279E-00 
0.47352649E-00 
0.4756751 7E-00 
0.47782878E-00 
0.4  7998733E  — 00 
0.482 15080E-00 
0.48431922E-00 
0.48649251E-00 
0.48867076E-00 
0. 49085 388E-00 
0.49304189E-00 
0.49523479E-C0 
0.49743256E-00 
0.49963519E-00 
0.501 84  2 69E  00 
0. 50405499L  CO 
0. 506272 1 7E  CO 
0 . 508494 1 6E  00 
0.51072097E  00 
0.51295259E  00 
0.51518899E  00 
0.51743020E  00 
0. 51967618E  00 
0.52  192  69  IE  00 
0.52418242E  00 
0 . 52644266E  00 
0.52870  765E  00 
0.53097735E  00 
0.53325 175E  00 
0.53553088E  00 
0. 53781 468E  CO 
0.54010317E  CO 
0.542 39633E  00 
0 . 54469  4 l 4E  00 
0.54699659E  CO 
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01 

0. 74000E 

00 

-0 . 32920369E 

01 

0.1 1915125E 

01 

0. 741 00E 

00 

-0.33013418E 

01 

0. 11943290E 

01 

0. 74200E 

00 

-0 . 3  3  1 06  50  fc  E 

01 

0. 1 1971447E 

01 

0. 74300E 

00 

-0.33199832E 

01 

0.  1 1999597E 

01 

0. 74400E 

CO 

-0 .33293397E 

01 

0.  12027740E 

01 

0. 74500E 

00 

-0 .33387200E 

01 

0. 12055875E 

01 

0. 74600E 

00 

-0 .33481241E 

01 

0. 12084001E 

01 

0.74700E 

00 

-0.33575520E 

01 

0. 121 12121E 

01 

0. 74800E 

00 

-0.33670036E 

01 

0. 12140232E 

01 

0. 74900E 

00 

-0 . 3  37  64  79  l  E 

01 

0. 12168334E 

Cl 

0. 75000E 

00 

-0.33859783E 

01 

0. 12196428E 

Cl 

0. 75100E 

CO 

-0.33955014E 

01 

0. 12224514E 

01 

0. 75200E 

00 

-0 . 3405048  IE 

01 

0. 12252590E 

01 

0. 75300t 

00 

-0 .34 146  186E 

01 

0.  12280658L 

01 

0. 75400E 

00 

-0 .34242129E 

01 

0. 12308716E 

Cl 

0. 75500E 

00 

-0 .34338308E 

01 

0. 12336764E 

01 

0.75600E 

00 

-0.34434725E 

01 

0.  12364803E 

01 

0.75700E 

00 

-0 .34531378E 

01 

0. 12392833E 

01 

0. 75800E 

00 

-0 .34628268E 

01 

0.  12420852E 

Cl 

0.  75900E  00 
0.76000E  00 
0.  7  6  LOOt  00 
0.  76200L  00 
0. 76300b  00 
0.76400E  00 
0. 76500b  00 
0.766C0E  00 
0.76700E  00 
0.76800b  00 
0.  76900E  00 
0.  7 7000t  00 
0.77L00E  00 
0.77200b  00 
0. 77300b  00 
0.  77400b  00 
0.77500E  00 
0.776COE  00 
0.77700E  CO 
0.  7 78COt  00 
0.77900E  00 
0.78000L  00 
0.78100E  00 
0.78200E  00 
0. 78300E  00 
0.  7  84006  00 
0.78500E  00 
0.78600E  00 
0.78700E  00 
0.78800E  00 
0.78900E  00 
0.79000E  CO 
0.79100E  00 
0.79200E  00 
0. 79300b  00 
0.79400E  00 
0. 79500E  00 
0. 79600E  00 
0.79700b  00 
0.79800E  00 
0.79900E  00 
0.80000E  00 
0.80100E  00 
0.80200E  00 
0.80300E  00 
0.80400E  00 
0.80500E  00 
0.80600E  00 
0.807C0E  00 
0.80800E  00 
0.80900E  00 
0.81000E  00 
0.81100b  00 
0.81200E  00 
0.81300E  00 
0. 81400b  00 
0.81500E  00 
0.81600E  00 
0.81700E  00 
0.81800E  00 


-56- 

-0.34725396E  01 
-0.348227601:  01 
-0.3492036CE  01 
-0. 35018197b  01 
-0.361 1 627CE  01 
-0 . 352 14579E  01 
-0.35313124E  01 
-0. 35411905b  01 
-0 . 355 1 0922E  01 
-0.35610175E  01 
-0. 3570966 3E  01 
-0 . 35809386E  01 
-0.35909344E  01 
-0 . 36009538E  01 
-0. 3610996 7E  01 
-0.36210630b  01 
-0. 36311528b  01 
-0.36412661E  01 
-0.3661 402  7E  01 
-G. 36615628b  01 
-0. 36717463b  01 
-0.36819533E  01 
-0.36921836b  01 
-0.3702437  IE  01 
-0.37127142b  01 
-0.37230145E  01 
-0.37333381b  01 
-0.37436851E  01 
-0.37540554b  01 
-0.37644488b  01 
-0.37748656b  01 
-0.37853056b  01 
-0.37957688b  01 
-0 . 38062  55  2E  01 
-0.38167649E  01 
-0.38272976E  01 
-0.38378536E  01 
-0 . 3848432  7E  01 
-C.38590349E  01 
-0 . 38696602  E  01 
-0 . 3  880  308  6  E  01 
-0.3890980CE  01 
-0 . 390 1 6  746 E  01 
-0.39123921b  01 
-0.39231327E  01 
-0 .3933896  3E  01 
-0 . 39446  829  E  01 
-0.39554925E  01 
-0.3966  3249E  01 
-0 . 39771804 E  01 
-0.39880587E  01 
-0.39989600b  01 
-0.40098841E  01 
-0 .40208  3 1  l  E  01 
-0.40318C09E  01 
-0 .4042 7936E  01 
-0.40538090E  01 
-0.40648473E  01 
-0.40759084E  01 
-0 .4086992  IE  01 


*■  =  30  deg 

0. 12448861E  01 
0.  1247686  IE  01 
0.1 2504 849E  Cl 
0. 12532R27E  01 
0 .  12  560  7 94E  Cl 
0.12588751b  01 
0.12616695b  Cl 
0.1 2644629E  01 
0.12672552E  01 
0.12  700462E  01 
0. 12728362E  Cl 
0.  12  756249E  Cl 
0.12784124E  01 
0.12811987b  01 
0. 1283983 7E  01 
0. 12867676E  Cl 
0.  12895  50  IE  Cl 
0. 1 292331 4E  01 
0. 1295111 3E  Cl 
0.1 2978900E  01 
0.13006673E  01 
0.130 34433E  01 
0.13062180E  01 
0.1  3089912E  01 
0.  L  3117632E  01 
0. 1  3145337E  Cl 
0.13173027E  01 
0. 13200 704E  01 
0.13228367E  01 
0.13256014b  Cl 
0.13283648E  01 
0.13311266E  01 
0.13338869E  01 
0. 1336645  8E  Cl 
0.13  19403  lb  01 
0.1 3421 589E  01 
0 . I  3449 1 32E  01 
0.1 347665 9E  01 
0.  1  1 504  l  7  l  E  01 
0.13831666E  01 
0.1 3559 146E  01 
0.1 3 58661 CE  Cl 
0.  I  3614058E  01 
0.13641489b  01 
0.1  3668  904E  01 
0 . I  3696  303E  01 
0.1  3  723686E  01 
0. I  1751051E  01 
0.13778 399E  01 
0. I  3805  731E  Cl 
0.13 8 3304 5E  01 
0.1 3860343E  01 
0 . 1 388762 3E  01 
C . 1 39 14886E  01 
0.13  942 1 3  1 E  01 
0 . I  3969  359E  01 
0.13996569b  01 
0.1402376  IE  01 
0. 1405C936E  01 
0 . 14078093E  01 


57' 


X  =  30  deg 


0.81900L  00 
0  .  c  2  0  0  0  L  CO 
0.82 IOOL  CO 
0.t:22CGE  00 
0.82300c  00 
0.82400b  CO 
0.82500E  CO 
0.626CGE  00 
0.32700b  00 
0 . 828CCb  CO 
0.82900b  00 
0.83000b  00 
0.83I0GE  00 
0 . 832C0E  CO 
0.333C0E  00 
0.834G0E  00 
0 . 3 3  500 E  00 
0.836C0E  CO 
0.837C0E  00 
0.83800E  CO 
0.83900E  00 
0. 840C0E  00 
0.3410GE  OO 
0.8420ub  00 
0.84300E  00 
0.844C0E  CO 
0.84500b  00 
0.64600E  00 
0.04700b  00 
0.848C0E  00 
0.84900E  00 
0.85000E  00 
0.85  LOUE  00 
0.85200E  00 
0.853C0E  00 
0.85400E  00 
0.85500c  00 
0.65600E  00 
0.85700E  00 
0. Q5800E  00 
0.85900E  00 
0.86000E  00 
0.86100E  CO 
0.86200E  00 
0 . 86  300t  CO 
0.86400E  00 
0.86500E  00 
0.86600E  00 
0.867C0E  00 
0.86800E  00 
0.86900E  00 
0.87000E  00 
0.87100E  CO 
0.87200E  00 
0.87300E  00 
0.87400E  00 
0.87500E  CO 
0.87600E  00 
0.87700E  00 
0.87800E  00 


-0.40980987E  01 
-0.4 10922  79E  01 
-0.4 120  3  79RE  01 
-0.4  1  3  15544b  0  l 
-0.41427518E  01 
-0 . 4 1 5  39  7 1  7  E  01 
-0 .4 1652142b  01 
-0 .41  764794E  01 
-0  .41877671E  01 
-0.41990775E  01 
-0.42 104 1 0 3E  01 
-0.42217657E  01 
-0.42331436E  01 
-0.4  244544  IE  01 
-0.42559668E  01 
-0.42674122E  Oi 
-0.42788801E  01 
-0 . 42903703E  01 
-0.43018328b  01 
-0.431  34  177E  01 
-0 .4324975  IE  01 
-0.43365 54 8E  01 
-0.43481567E  01 
-0.4  35  9781  IE  01 
-0 .437  142  76E  01 
-0.43830965E  01 
-0.43947876b  01 
-0  .44065009E  01 
-0.44182365E  01 
-0.44299942b  01 
-0.444  1  7  74  IE  01 
-0 .445  3576  IE  01 
-0 .4465400  3E  01 
-0 .447  72466E  01 
-0.44891150E  01 
-0 .450  10054E  01 
-0.45129179E  01 
-0.45248524E  01 
-0.4536809CE  01 
-0.45487875E  01 
-0.4560788  IE  01 
-0.45723106E  01 
-0.45848550E  01 
-0.45969213E  01 
-0.46090096E  01 
-0.46211198b  01 
-0.46332517E  01 
-0  .46454055E  01 
-0.46575812E  01 
-0  •  46697 7 86 E  01 
-0 .468  19979E  01 
-0  .46942  38  9E  01 
-0. 470650 17E  01 
-0.47187861E  01 
-0.47J10923E  01 
-0.47434202E  01 
-0.47557697E  01 
-0.47681409E  01 
-0.47806338E  01 
-0 .4792948  IE  01 


0.14105231b  01 
0. 141 32 35  IE  01 
0.14159453b  01 
0.14186537b  01 
0.14213602b  Cl 
0. 14240649E  Cl 
0. 14267676L  01 
0 .  14294686E  01 
0.14321677E  01 
0.14348648E  01 
0.14375601b  01 
0 . 14402534E  01 
0 . 144  29449E  Cl 
0 . 144  66  344  E  01 
0. 1448321 9E  01 
0. 1451007 6E  Cl 
C.14536913E  01 
0. 1456373 OE  01 
0 .  14590528E  01 
0. 14617 30 5E  01 
0 . 14644063E  01 
0.14670802E  01 
0.14697520b  01 
0. 14724218C  Cl 
C.U750896E  01 
0.  147  77555E  01 
0.14804192b  01 
C.  14830 80 9E  01 
0. 14857406E  01 
0. 14883982E  01 
0.  1491053 8E  01 
0.14937074E  Cl 
0.  14963588E  Cl 
0 .  14990082E  01 
0.15016555E  01 
0 . 1  '304  300  8E  Cl 
0.1  5C69439E  01 
0.15095849b  01 
0.15122239E  01 
0. 15148607E  Cl 
0.  161  74954E  01 
0.16201280E  01 
0.  15227585E  01 
0.  15253867E  Cl 
0.16280130E  01 
0. 16306370E  01 
0.16332589E  Cl 
0 . 15358786E  01 
0 . 16384962E  01 
0.154  1111 6E  01 
0.164  37249E  Cl 
0.15463360E  01 
0.1 5489449E  01 
0. 1551551 5E  01 
0.  15541 56  IE  01 
0.  1  5567584E  01 
0. 1559358 5E  01 
0.  1661956 5E  01 
0. 1664 552 2E  01 
0. 156  71457E  01 


X  =  30  deg 


0. 879006  00 
0. fa8000£  00 
0.881006  00 
0. 88200E  CO 
0.883006  00 
0. 8 84 006  00 
0.885006  00 
0.886006  CO 
0.  88  7006  CO 
0. 888006  00 
0.889006  00 
0.890006  CO 
0.891006  00 
0.892006  00 
0.893006  00 
0.894006  CO 
0.895006  00 
0.896006  00 
0.897006  00 
0.898C0E  CO 
0.899006  00 
0.900006  00 
0.901006  00 
0.902C06  CO 
0.903006  CO 
0.904006  OC 
0.905C06  CO 
0.906006  00 
0.907006  00 
0.908006  00 
0.  909006  00 
0.910006  00 
0.911C06  00 
0.912006  00 
0.913006  00 
0.  914006  00 
0.915006  00 
0.916006  00 
0.917006  00 
0.918006  00 
0.  919006  00 
0.920006  00 
0.921006  CO 
0.922G06  00 
0.923006  00 
0.92400E  00 
0.925006  00 
0. 926006  00 
0.927006  00 
0.928006  00 
0.929006  00 
0.930006  00 
0.931006  00 
0.932006  00 
0.933006  00 
0.  934006  00 
0.935006  00 
0.936006  00 
0.937006  00 
0.938006  00 


-58- 

-0 . 48053842E  01 
-0.481784186  01 
-0.4830321C6  01 
-0.484282176  01 
-0.485534396  01 
-0.486788766  01 
-0.488045286  01 
-0.48930395E  01 
-0.490564766  01 
-0.491827706  01 
-0.4930928C6  01 
-0 .494  3600  3E  01 
-0.495629396  01 
-0.496900896  01 
-0.498174536  01 
-0.4994 50 3C6  01 
-0.500728196  01 
-0.502  00b?  16  01 
-0.503290366  01 
-0.504574636  01 
-0.505861016  01 
-0.507149526  01 
-0.508440  166  01 
-0.509  7  329C6  01 
-0.51102776E  01 
-0.512324736  01 
-0.513623816  01 
-0.514 92 5006  01 
-0.5162283C6  01 
-0.517533716  01 
-0.518841216  01 
-0.520150826  01 
-0 . 52 14  62  t  36  01 
-0.522776346  01 
-0.5240 9 223E  01 
-0.525410236  Ul 
-0.526730316  01 
-0.528052496  01 
-0.52937676E  01 
-0.5307031  16  01 
-0 . 53203 1 55E  01 
-0.533362086  01 
-0 . 534694686  01 
-0.53602937E  01 
-0.537366126  01 
-0. 538  704966  01 
-0.54004587E  01 
-0.541388866  01 
-0.54273392E  01 
-0.544081046  01 
-0.54543024E  01 
-0.54678150E  01 
-0.548134826  01 
-0.549490216  01 
-0.550847656  01 
-0.552207156  01 
-0.553568716  01 
-0 .5549323  3E  01 
-0.5562980C6  01 
-0.55766573E  01 


0.156973706  01 
0.15723260E  01 
0.157491296  01 
0.157749756  01 
0.158007996  01 
0 . 1582660  IE  01 
0.158523806  01 
0.15878136E  01 
0.159038716  01 
0 . 15929582E  01 
0.159552726  01 
0.159809386  01 
0.160065826  01 
0.160322046  Cl 
0.160578036  01 
0.160833786  01 
0. 16  1089326  01 
0.16134463E  Cl 
0.161599706  01 
0.161854556  01 
0.162  10 917t  01 
0.162363576  01 
0.162617736  01 
0. 102871676  01 
0.163125376  01 
0.163378846  01 
0.16363209E  Cl 
0.163885106  01 
0.16413789b  01 
0.16439044E  01 
0.164642776  01 
0.164894866  01 
0.165146726  01 
0.165398356  01 
0.1b564974E  01 
0.16590091b  01 
0.166151846  01 
0 •  16  640  2  55E  01 
0.166653016  01 
0.166903256  01 
0. 1671532 5E  Cl 
0.16740303E  01 
0. 16765 2566  01 
0. Ib790  187b  01 
0.168150946  01 
0. 1683997 8E  01 
0.168648386  01 
0 . 16889 6766  01 
0.169144906  01 
0.169392806  01 
0.169640476  01 
0.169887906  01 
0.170135106  01 
0.170382076  01 
0.170628806  01 
0.170875306  01 
0.171121576  01 
0.171  36  759E  01 
0.17161 339E  01 
0.171858956  01 


X  =  30  deg 


0.9390UE  00 
0.940C0E  CO 
0.94 l COL  00 
0.94 POOL  00 
0.94300E  00 
0 . 944  COE  CC 
0.94500L  00 
0.  9460GE  00 
0.947 OOfc  CO 
0.948CGL  CG 
0.949C0E  00 
0.95000L  00 
0.95100L  CO 
0. 952C0E  CO 
0.9*53000  00 
0 . 954  OOt  00 
0. 9550UE  CO 
0.956CGL  CO 
0.957C0L  00 
0.95800E  00 
0.959G0E  CO 
0.96000E  00 
0.961C0E  00 
0 . 962  COE  CO 
O.9630OE  CO 
0 . 964  COE  CO 
0.965COE  CO 
0. 96600E  00 
0.967C0E  CO 
0 . 968  COE  CO 
0.  76900E  00 
0.970C0E  00 
0.971C0E  CO 
0.972C0E  00 
0.97300E  00 
0.97400E  CO 
0.975CCE  CC 
0.97600E  00 
0.97700E  00 
0.97800E  00 
0.979C0E  CO 
0.98000E  00 
0.98100E  00 
0.982COE  00 
0.983C0E  00 
0.984C0E  00 
0.98500E  00 
0.98600E  CO 
0.98700E  CO 
0.98800E  00 
0.98900E  00 
0.99000E  00 
0.99100E  CO 
0. 99200E  00 
0.99300E  00 
0.99400E  00 
0.99500E  00 
0.99600E  00 
0.99700E  00 
0.99800E  00 


-59- 

-0 .55903549E  01 
-0.56040732E  01 
-0.56178119E  01 
-0.56315710E  01 
-0.56453507E  01 
-0 .66891 506E  01 
-0 .867297 10E  01 
-0.5  68  681  18E  01 
-(>.570067  3CE  01 
-0 .57145 54 5E  01 
-0.67284563E  01 
-0.5742  37  85E  01 
-0 .5756  32  1 CE  01 
-0.57702U36E  01 
-0.57842667E  01 
-0.5798270CE  01 
-0.58122936E  01 
-0.58263373E  01 
-0 .584040 1  3E  01 
-0 . 5854488  3E  01 
-0.586858 9 7E  01 
-0.5882  7 1 4  2E  01 
-0 . 58968588E  01 
-0.591 102 3 5E  01 
-0.59252083E  01 
-0.59  3  94  1  )  3  E  01 
-0.59536383E  01 
-0.596788  34E  01 
-0.59821485E  Cl 
-0.89964337E  01 
-0.601073 3 9E  01 
-0.6025064CE  01 
-0 .6039409  3E  01 
-0.605  3  7  74  4  t  01 
-0 . 606  3 1 5 94  E  01 
-0.60825C44E  01 
-0.60969B94E  01 
-0 .611  14  34  3E  01 
-0.612  5899CE  01 
-0 .6  1403837E  01 
-0.61548882E  01 
-0.61694 125E  01 
-0  .618  39567E  01 
-0 .6  1985207E  01 
-0.621 3 1045E  01 
-0.62277082E  01 
-0.62423315E  01 
-0.62569746E  01 
-0.62716378E  01 
-0.62863201E  01 
-0 .6  30  10225E  01 
-0.63157444E  01 
-0.63304862E  01 
-0.63452476E  01 
-0 .63600286  E  01 
-0.63748293E  01 
-0 . 6  38  964 96 E  01 
-0 . 64044 896 E  01 
-0.64193491E  01 
-0.64342283E  01 


0. 17210428E  01 
0.17234936E  01 
0.172  594  22E  01 
0 . 17283884F  Cl 
0. 1 7308323E  01 
0.173 32 738E  01 
0.17387129E  01 
0. 17  381497E  Cl 
0.174  05 84  IE  01 
0.17430162E  01 
0.17  454460E  Cl 
C.17478734E  01 
0. 1  78  02  985E  01 
0.17527212E  01 
0. 1755141  5E  01 
0.1  7575  596E  Cl 
0.17 599  752E  01 
0.  1762  3  885E  01 
0.1  7647  994E  01 
0. 17672081E  Cl 
0.1  7  696 143E  01 
0.17720182E  01 
0.17  744  1  98E  01 
C.17768189E  01 
0. 177  92  158E  01 
0.1  7  816  10 3L  01 
0 . 1  7 84002  5E  01 
0. 1786392 3E  Cl 
0. 17887797E  01 
0.17911649E  01 
0.17935476E  01 
0. 1 795928CE  01 
0.1  7983062E  01 
0. 10G06819E  01 
0  .  ItO  30  553E  Cl 
C.18084263E  Cl 
C.18077950E  01 
0. 18101614E  01 
0. 18125255E  Cl 
0. 16148872E  Cl 
0. 1B172465E  01 
0 . 18  196036L  Cl 
0. 1821958  3E  01 
0.18243106E  01 
0.  18  266606E  Cl 
0.  18290083E  Cl 
0 . 1 8  3 1 3  5  3  7  E  01 
0.  18  336  96  7E  01 
0. 18  360  374E  01 
0.18383758E  01 
0. 1 340711 8E  Cl 
0. 184  30  456E  01 
0. 1 04 5  3  77 OE  01 
0. 18477  06  IE  01 
0. 18  5CC328E  Cl 
0. 18523572E  01 
0. 18  546794E  01 
0. 18569  992E  01 
0.18593167E  01 
0. 1861631 9E  01 


X  =  30  deg 


0. 99900E 

00 

1.00000E 

00 

0. 10010E 

01 

0. 10020b 

01 

0. 10030E 

01 

0. 10040b 

01 

0. 10050E 

01 

0. 10060b 

01 

0. 10070E 

01 

0.  10080E 

01 

0.  I0090t 

01 

0. 10100E 

01 

0. 10110b 

01 

0. 10120b 

01 

0.  10130b 

01 

0.  10140E 

01 

0.  10150E 

01 

0. 10160E 

01 

0.  10170E 

01 

0.  10180E 

01 

0.  10190b 

01 

0.  10200E 

01 

0.  102 10E 

01 

0.  10220E 

Cl 

0. 10230E 

01 

0. 10240E 

01 

0. 10250E 

01 

0. 10260E 

01 

0.  10270E 

01 

0. 10280b 

01 

0. 10290E 

01 

0.10300b 

01 

0. 10310b 

01 

0. 10320E 

01 

0.  10330E 

01 

0.  10340E 

01 

0. 10350E 

01 

0. 10360L 

Cl 

0. 10370E 

01 

0.  10380E 

01 

0. 10390E 

01 

0. 10400b 

01 

0. 104 10E 

01 

0.  10420L 

01 

0.  10430E 

01 

0.  10440b 

01 

0.  10450E 

01 

0.  10460E 

01 

0.  10570E 

01 

0.  10480E 

01 

0.  10490E 

01 

0. 10500E 

01 

0. 105 10E 

01 

0. 10520b 

01 

0. 10530E 

01 

0. 10540E 

01 

0. 10550E 

01 

0. 10560b 

01 

0.  10570E 

01 

0.  10580E 

01 

-6o- 

-0 • 644  9 1 2 70E  01 
— 0 . 6464045 3E  01 
-0.64789829E  01 
— 0 . 6493940 1 t  01 
— 0 .6808  9  169  b  01 
-0.65239131E  01 
— 0 . 653  8  9289E  01 
-0.6553964  IE  01 
-0.65690  109E  01 
-0.65840930E  01 
-0.6599  1 866E  01 
-0.66142995E  01 
-0 . 662  94  3 1 8  E  01 
-0.66445837E  01 
-0.66597550E  01 
-0 . 66749456E  01 
— 0 • 6690  1  55  5E  01 
-0 .6705  3849E  01 
-0.67206334E  01 
-0. 67359013 E  01 
-0.67511886E  01 
-0.67664949E  01 
-0.678  18207E  01 
-0.67971659E  01 
-0.68125302E  01 
-0.68279137E  01 
-0.6843 3 166E  01 
-0.68587385E  01 
-0.68741798E  01 
-0.68896402E  01 
-0.69051197E  01 
-0 .69206  184E  01 
-0  .69361363E  01 
-0 .69516  7  3  3E  01 
-0.69672295b  01 
-0.69828048E  01 
-0 .6998  3992E  01 
-0. 70140  127E  01 
-0.70296453E  01 
-0 . 7  04  5  296  9  E  01 
-0.70609677E  01 
-0.70766573E  01 
-0 . 7092  366CE  01 
-0.7  1080939E  01 
-0.71238 40 6E  01 
-0.71396064b  01 
-0.71553911E  01 
-0.71711949b  01 
-0.71870176E  01 
-0.7 2028  594E  01 
-0.72187 199E  01 
-0.72345994E  01 
-0.72504978E  01 
-0.72664152E  01 
-0.72823513E  01 
-0.72983065E  01 
-0.73142806E  01 
-0.73302734E  01 
-0  •  7346285  IE  01 
-0.73623157C  01 


0.18639447b  01 
0. 1866255 3E  01 
0.18685634b  01 
0. 18708694E  01 
0 . 18731 730E  01 
0. 18754 743E  01 
0. 18777733E  01 
0.18000  700E  01 
0.18823645b  01 
0. 18846565E  01 
0.1 8869463E  01 
0. 18892338E  01 
0.18915191E  01 
0. 10938020E  01 
0. 18960826E  01 
0. 10983610E  01 
0 . 19006  37  1 E  01 
0 • 190  29  108E  01 
0. 19051 82 3E  01 
0. 190 7451 6E  01 
0. 19097185b  01 
0.19119832b  01 
0. 19142456E  01 
0. 19165057E  01 
0. 19187635b  01 
0.19210191E  01 
0. 19232725E  01 
0 . 19255235E  01 
0. 19277722E  01 
0.19300188b  01 
0.19322631b  01 
0. 19  345051E  01 
0. 19367448E  Cl 
0.19389823b  01 
0.19412176E  01 
0.19434506b  01 
C. 19456813b  01 
0.  1 94  79 099 E  01 
0 . 19501 362E  01 
0.19823602b  01 
0. 19545820E  Cl 
0. 19568016b  01 
0.19590189b  01 
0. 19612 34  IE  01 
0. 19634470E  01 
0. I 9656575E  01 
0.  1967 8660E  01 
0. 19700 722E  01 
0. 19722762E  Cl 
0.19744780E  01 
0.19766776E  01 
0.19788750b  01 
0. 19810700E  01 
0.198  32630E  01 
0.19854537b  01 
0. 19876423E  Cl 
0.19898286E  01 
0. 19920127E  01 
0.19941947b  01 
0 . 1 9963 744E  01 


-6l- 

X  » 

30  deg 

0.10590E 

01 

-0.737836506 

01 

0. 19985520E 

01 

0. 10600fc 

01 

-0 . 7  3944  3  306 

01 

0.200072746 

01 

0.  106  1UE 

01 

-0 .741052016 

01 

0.200290056 

01 

0. 10620t 

01 

-0 .742662586 

01 

0.20050716E 

01 

0.  10630E 

01 

-0 .74427503E 

01 

0.20072404E 

01 

0.  106406 

01 

-0 .745889376 

01 

0 . 20094070E 

01 

0.  106506 

01 

-0.74750558E 

01 

0.201157156 

01 

0.  106606 

01 

-0.749123666 

01 

0.201373386 

01 

0. 10670E 

01 

-0.750743626 

01 

0.201589396 

01 

0. 10680E 

01 

-0.752365446 

01 

0.201305196 

01 

0. 10690E 

01 

-0 . 75398915E 

01 

0.202020776 

01 

0. 1070CE 

01 

-0 .75561473E 

01 

0.202236146 

01 

0. 10710E 

01 

-0.75724217E 

01 

0.20245129E 

01 

0.  L0720E 

01 

-0 .758  871476 

01 

0.202666226 

01 

0.  10730E 

01 

-0.760502656 

01 

0 . 202  8809  3E 

01 

0. 107406 

01 

-0 .762 135696 

01 

0.203095446 

01 

0.  10750E 

01 

-0 . 76  3  7  706  IE 

01 

0.203 30972E 

01 

0.  10760E 

01 

-0.76540738E 

01 

0.20352380E 

01 

0.  1077UE 

01 

-0 .767046026 

01 

0.203737656 

Cl 

0. 10780E 

01 

-0 .768686516 

01 

0.203951306 

01 

0. 10790E 

01 

-0 .77032888E 

01 

0.204  16473E 

01 

0.  108C0fc 

01 

-0. 7719731 OE 

01 

0.204  37794E 

01 

0. 10810E 

01 

-0 .773619186 

0  1 

0.204590956 

01 

0. 10820E 

01 

-0 .77526712E 

01 

0.204803736 

01 

0. 10830E 

01 

-0 . 77691692E 

01 

0.20501631E 

01 

0.  10840E 

01 

-0.77856857E 

01 

0.20522868E 

01 

0. 10850E 

01 

-0  .780222096 

01 

0 . 20  54408  3E 

01 

0. 10860E 

01 

-0.78187745E 

01 

0 . 20565277E 

01 

0.  10870E 

01 

-0.783534666 

01 

0.205664506 

01 

0. 10880E 

01 

-0 .78519373E 

01 

0 . 20607602E 

01 

0.  108906 

01 

-(»  -78685465E 

01 

0.20628732E 

Cl 

0.  L09C0E 

01 

-0.788517436 

01 

0 . 2064984  3E 

01 

0.  L0910E 

01 

-0 .790182056 

01 

0. 2067093  IE 

01 

0. 10920E 

01 

-0 . 79 1  8485  IE 

01 

0.206919986 

01 

0.  10930E 

01 

-0 .793516*3E 

01 

0.207  13045E 

01 

0. 109406 

01 

-0.7951070GE 

01 

0.20 7 3407 OE 

01 

0. 10950E 

01 

-0 .796859006 

01 

0 . 20  7  550  7  5E 

01 

0. 10960E 

01 

-0 .79853284E 

01 

0.207760596 

01 

0.  10970E 

01 

-0  . 800  208  54E 

01 

0.207970226 

Cl 

0. 10980E 

01 

-0 .801 88608E 

01 

0.208179636 

01 

0. 10990E 

01 

-0.80356546E 

01 

0.208388846 

01 

0.  L  1000E 

01 

-0 .80524670E 

01 

0.208597856 

01 

0. 11010E 

01 

-0 .80692975E 

01 

0.208806636 

01 

0. 1  L020E 

01 

-0 .8086 1466E 

Ul 

0.209015236 

01 

0.1  1030E 

01 

-0.810301396 

01 

0.20922361E 

01 

0.110406 

01 

-0 .811989976 

01 

0 . 20943 1776 

01 

0. 1 1050E 

01 

-0 .813680  37E 

01 

0.209639746 

01 

0. 11060E 

01 

-0 .815372636 

01 

0.209847506 

01 

0.110706 

01 

-0. 817066 71E 

01 

0.210055056 

01 

0.  U080E 

01 

-0  .8187626 3E 

01 

0.210262406 

Cl 

0. 11090E 

01 

-0  .82046038E 

01 

0.210469546 

01 

0. 1 1100E 

01 

-0.82215997E 

01 

0.210676486 

01 

O.illlOE 

01 

-0.82386137E 

01 

0.210883206 

01 

0.1U20E 

01 

-0 .82556462E 

01 

0.211089736 

01 

0. Ill 30E 

01 

-0 .827269686 

01 

0.211296056 

01 

0.11140E 

01 

-0.828976586 

01 

0.21 1502166 

01 

0.111506 

01 

-0.830685306 

01 

0.21170806b 

01 

0. 11160E 

01 

-0  .832395866 

01 

0.21191 379E 

Cl 

0.111706 

01 

-0 . 834  10824E 

01 

0.212119306 

01 

0.111806 

01 

-0.835822456 

01 

0.212324606 

01 

-62- 


0.11190b 

01 

-0 .83753848E 

0. 1 1200E 

01 

-0  .839256 3 2E 

0. 1 12  lOt 

01 

-0 .8409  760CE 

0. 1 1220t 

01 

-0.84269749b 

0. 112  30E 

01 

-0 .6444208  lb 

0. 11240E 

01 

-0 .846 14595E 

0.  U250£ 

01 

-0 .8478  7288E 

0.  1 1260t 

01 

-0.84960166E 

0.  11270L 

01 

-0 .851 33225E 

0.  1 128011 

01 

-0  .85306466E 

0.  1 1290E 

01 

-0.8  54  79  888b 

0 .  1 1 3  OOE 

01 

-0.85683492b 

0.11310b 

01 

-0 .85827276E 

0.  11320b 

01 

-0  .860  01242E 

0.  1 1 330E 

01 

-0.661 75389E 

0.  11340E 

01 

-0.86349717E 

0.11350b 

01 

-0 .86524227b 

0.11360b 

01 

-0.86698918b 

0.  1137GE 

01 

-0.868  7379CE 

0.  1 1 380E 

01 

-0.8704864  IE 

0. 1 1390b 

01 

-0. 87224G75E 

0.11400b 

01 

-0.87  3  9948 9E 

0. 1 1410E 

01 

-0 .8  75  75082E 

0. 1 1420E 

01 

-0 .87780858b 

0.11430b 

01 

-0.87926813b 

0.  1 1440E 

01 

-0 .88102949b 

0.  1  1450E 

01 

-0  .882  79264b 

0. 11460E 

01 

-0 .8845576CE 

0. 11470E 

01 

-0 .88632435E 

0.1 1480b 

01 

-0.888092  92E 

0.11490b 

01 

-0 -88986328E 

0. 11500E 

01 

-0 .891 6  3544E 

0. 1  1510E 

01 

-0 .8934094CE 

0. 1  1520E 

Cl 

-0.89518516E 

0. 1 1530E 

01 

-0 .89696270b 

0.  11540b 

01 

-0 .89874206b 

0. 11550E 

01 

-0 .9005232  lb 

0.11560b 

01 

-0.902  3061 5E 

0. 11570b 

01 

-0 . 904  090  88  E 

0.  11580E 

Oi 

-0 .90587740E 

0.  11590E 

01 

-0 .9076657  IE 

0. 1 1600E 

01 

-0.90945584E 

0.11610E 

01 

-0.91124773E 

0. 1 1620E 

01 

-0 .91 304  142E 

0.  11630E 

01 

-0.9  148  3689E 

0. 11640b 

01 

-0 .9166341 7E 

0. 1 1650E 

01 

-0 .91843322E 

0.  11660E 

01 

-0  .9202  340  7E 

0. 11670b 

01 

-0 .92203669E 

0. 1 1680E 

01 

-0.923841  1  2  E 

0.  U690E 

01 

-0.92564  732E 

0.11700E 

01 

-0  .927455  3  IE 

0.11710b 

01 

-0.92926507E 

0.  U720E 

01 

-0.93107662E 

0.11730b 

01 

-0 .932809 9 6E 

0. 1 1740E 

01 

-0.9  34  70 509E 

0.11750b 

01 

-0.93652197E 

0.  U760E 

01 

-0.93834065E 

0. 1 1 770E 

01 

-0 .940161  l  IE 

0. 11780E 

01 

-0  .94  1 98  3  3  5E 

01 

X  = 

0.21252970b 

30  deg 

01 

01 

0. 212  73459b 

Cl 

01 

0.21293929b 

01 

01 

0.21314378b 

01 

01 

0.21334808b 

01 

01 

0.2 1355 21 6b 

01 

01 

0.21375605b 

01 

01 

0.21  395974b 

01 

01 

0 .214 16  12  3b 

01 

01 

0. 21436651b 

01 

01 

0. 21456960E 

01 

01 

0. 2147724 9E 

01 

01 

0.2149751 7E 

Cl 

01 

0. 21517766E 

01 

01 

0.215  37995b 

01 

01 

0 .2155B204E 

01 

01 

0.21 578393E 

Cl 

01 

0. 2159856 3E 

01 

01 

0.21618713b 

01 

01 

0.216 3 884 2E 

01 

01 

0.21658953b 

Cl 

01 

0. 21679043E 

01 

01 

0.21699 1 14E 

01 

01 

0.217 191 65E 

01 

01 

0.21739197E 

Cl 

01 

0. 21759208E 

Cl 

01 

0.217 7920  IE 

01 

01 

0.21799174E 

01 

01 

0. 2181912 7E 

01 

01 

0.21839061E 

Cl 

01 

0.21858976E 

01 

01 

0. 218  7887  IE 

01 

01 

G.21898747E 

Cl 

01 

0.21918604E 

01 

01 

0. 21938440b 

01 

01 

0. 21958259b 

01 

01 

0.219  78057E 

01 

01 

0.21997336E 

01 

01 

0. 220 l 7597L 

01 

01 

0.2 2037336b 

Cl 

01 

0. 22037059E 

01 

01 

0.22076762E 

Cl 

01 

0.22096445b 

01 

0  l 

0.221  16110b 

Cl 

01 

0.221 35755E 

01 

01 

0 . 22 1 55382E 

01 

01 

0.221 74989b 

01 

01 

0.221 94 578E 

01 

01 

0.222 14147E 

01 

01 

0.222  33699E 

01 

01 

0.22 25323 OE 

01 

01 

0.22272744E 

01 

01 

0.22292238E 

01 

01 

0.223  11714E 

01 

01 

0.22331 170E 

01 

01 

0 . 22  3  50  609t 

Cl 

01 

0.22370028E 

Cl 

01 

0  •  22  3  8942  8E 

01 

01 

0. 2240881 OC 

01 

01 

0.22428174E 

Cl 

-63- 


0.  1  1790E 

01 

-0.943807  36E 

0. I 1800b 

01 

-0.94663316b 

0.  U810E 

01 

-0 .9474607  3E 

0.  1 1820E 

01 

-0 .94929G06E 

0.  I  1830E 

01 

-0.961 1212  IE 

0.  I 1840E 

01 

-0 . 9629  54 1 OE 

0.  1  1850E 

01 

-0 .954  7887  7E 

0. 1 1860E 

01 

-0 .95662522E 

0.118  7GE 

Cl 

-0 . 9  56  4  6  34  4  E 

0.  1 1880E 

01 

-0.96030343E 

0.  1 189UE 

01 

-0 .962 14519E 

0.  1  1900L 

01 

-0.96398672E 

0. 1 191GE 

01 

-0 .9658  3404E 

0. I 1920E 

01 

-0.96768109b 

0.  1 1930E 

01 

-0 .96952995E 

0.  1 1940b 

Cl 

-0.971 380 6 6E 

0. 1 I950L 

01 

-0.9732  3296E 

0.  1  I960E 

01 

-0 .9750871  IE 

0.  1  1970E 

01 

-0 .97694302E 

0.  1  1980t 

01 

-0.9788007CE 

0.  1  I990E 

01 

-0. 9806601 5E 

0. L2000E 

01 

-0 .98252  1  38E 

X  *  30  deg 


01 

0.22447518E 

01 

01 

0. 22466845E 

01 

01 

0.22486152E 

Cl 

01 

0.22605442E 

01 

0  1 

0 . 225247 1 3E 

01 

01 

0.22543965E 

01 

01 

0.22563199E 

Cl 

0  1 

0.22582415E 

01 

01 

0.22601612E 

01 

01 

0. 22620 790t 

01 

0  1 

C. 226  3995  IE 

01 

01 

0.22659093E 

01 

01 

0.22678218E 

01 

01 

0.22697324L 

01 

01 

0.22716411b 

Cl 

0  1 

0.22735481E 

01 

01 

0.22754532L 

01 

01 

0. 22773565E 

01 

0  1 

0.22792581E 

01 

01 

0.22811578E 

Cl 

01 

0.22830557E 

01 

01 

0.22849519b 

01 

X  -  45  deg 
(19  p*g»») 


X 

1 . OOOOOE-O 1 
0. 101C06-C0 
0.102006-00 
0. 103006-00 
0.  104006-00 
0. 10500E-C0 
0. 10600E-00 
0. 107006-00 
®  0.  108006-00 
0. 109006-00 
0. 110006-00 
0. 1 11006-00 
0. 112006-00 
0.11 300E-00 
0. 1 14006-00 
0. 11500E-00 
0 . 116006-00 
0.  1 1 7006-00 
0.  118006-00 
0. 119006-00 
0.120006-00 
0.121006-00 
0. 122006-00 
0.  123006-00 
0.124006-00 
0. 12500E-CO 
0.126006-00 
0. 12700E-00 
0.  128006-00 
0.  129C06-C0 
0. 130006-00 
0.131006-00 
0. 13200E-C0 
0. 133C06-00 
0. 134006-00 
0. 135006-00 
0.136006-00 
0.137006-00 
0. I 3800E-00 
0. 13900E-00 
0. 140C0E-C0 
0.  141006-00 
0.  142006-00 
0. 143006-00 
0. 144006-00 
0.  145006-00 
0.  146006-00 
0.147006-00 
0.  148006-00 
0.  149006-00 
0.150006-00 
0.151006-00 
0.152006-00 
0.  153006-00 
0. 15400E-00 
0.155006-00 
0.156006-00 
0.157006-00 
0.158006-00 


-65- 

6  (  X  ) 

-0 .420  1431CE-00 
-0 .420263  74E-00 
-0 .42O33567E-00 
-0.42050885E-00 
-0 .42063329E-00 
-0. 4207590  IE-00 
-0 .42088598E-00 
-0  .42 1 0 1 4 2 3E-00 
-0  .421  14374E-00 
-0 .42127454E-00 
-0. 4214066  IE-00 
-0 .4215  39  9  5E-00 
-0  .42167457E-00 
-0.42181049E-00 
-0.42194767E-00 
-0  .422036  15E-0C 
-0  .42222591E-00 
-0. 422366986-00 
-0 .4225093’ E-00 
-0.42265295E-00 
-0.42279788E-00 
-0.422944136-00 
-0.42309165E-00 
-0  .42  324049E-00 
-0  .42  33906  3E-C0 
-0.423542076-00 
-0  .423694836-00 
-0  .42  38489  IE-00 
-0.42400428E-00 
-0.42416098E-00 
-0  .424  3190  IE-00 
-0.42447834E-00 
-0  .424638996-00 
-0.42480099E-00 
-0 .424964  32E-00 
-0  .425128976-00 
-0 .425294956-00 
-0.42546226E-00 
-0.425630916-00 
-0 .4258009C6-0C 
-0.42597225E-00 
-0.42614494E-00 
-0  .426318986-00 
-0 .426494  37E-00 
-0 .426671  12E-00 
-0.42684922E-00 
-0 .42702866E-00 
-0  .42720948E-00 
-0.42739168E-00 
-0  .427575226-00 
-0  .427760 1 5E-00 
-0  .427946456-00 
-0.428134136-00 
-0  .428  323  19E-00 
-0  .428513626-00 
-0  .428  70545E-00 
-0.428898666-00 
-0  .42909324E-00 
-0.429289246-00 


X  -  1*5  deg 

LOG  F(X) 
-0.86 715 99  IE  00 
-0.86687279E  00 
-0.866582716  00 
-0.866289736  CO 
-0.86599385E  00 
-0.86569503E  00 
-0 . 865  3933  IE  00 
-0.865088646  CO 
-0. 8647810 7E  00 
-0.864470546  00 
-0.864157096  00 
-0 . 86  3840  7 36  00 
-0.86352142E  00 
-0.86319914E  00 
-0.86287396E  CO 
-0.862  54  58  3E  CO 
-0.86221477E  00 
-0. 8618807 3E  00 
-0.86154378E  00 
-0.861203876  00 
-0 • 86086 103E  00 
-0.86051518E  00 
-0 . 860  16645E  00 
-0.859814736  CO 
-0 . 85946005E  00 
-0.8591 024 1 1  00 
-0.858741806  00 
-0.85837821E  CO 
-0.858011726  00 
-0.857642226  00 
-0.857269736  00 
-0. 85689428E  00 
-0.85651588E  00 
-0.856  1  344  7E  00 
-0. 8557500 6E  00 
-0.855 36270E  00 
-0 . 85497234E  00 
-0.854579026  00 
-0.85418271E  CO 
-0.8537834CE  00 
-0.85338 106E  00 
-0.852975746  00 
-0.85256742E  00 
-0. 852 1561  IE  00 
-0.851 74 178E  00 
-0.85132445E  00 
-0.850904156  CO 
-0. 85048079E  00 
-0.85005440E  00 
-0.84962504E  00 
-0.849192646  00 
-0.848757216  CO 
-0.848  31 8 74E  00 
-0.84787725E  00 
-0 • 84743275E  CO 
-0 . 84  6  98 5 1 9E  00 
-0 . 846 53460E  00 
-0 .84608 103E  00 
-0.84562436E  CO 


-66- 


X  =  45  deg 


0. 15900fc-00 

-0.42948664E-00 

-0.64516463E 

00 

0. I 6000E-00 

-0 .4296854  3E-00 

-0.84470189E 

00 

0. 16100E-00 

-0  .42988562E-00 

-0. 844236 l IE 

CO 

0. I6200b-00 

-0 .43008722E-0C 

-0. 84376725E 

00 

0. L63C0fc-C0 

-0 .4302902  3E-00 

-0.84329534E 

00 

0. 16400E-00 

-0 .43049466E-00 

-0 .84282035E 

oo 

0. 16500E-00 

-0 .43070G5CE-00 

-0. 842  34233E 

CO 

0. L6600t-00 

-0.43090 7 76E-00 

-0 . 84186  123E 

CO 

0.  I6700b-00 

-0.4311 L644L-0C 

-0.84137706b 

00 

0.  1 68  OOE-OO 

-0  .431  32  68  5  t-00 

-0.84088983E 

00 

0.  16900b-00 

-0  .431 53808E-00 

-0.840  39953E 

CO 

0.  1  70COL-00 

-0  .431  75  105E-00 

-0. 83990613E 

00 

0.  1  7100E-00 

-0.43196545E-00 

-0 . 8  3940967E 

00 

0.  17200L-00 

-O.43218129E-G0 

-0.8389101  lb 

00 

0.  I  730Cb-00 

-0.432 3985 7E-00 

-0. 83840751b 

CC 

0. L  7400E-CC 

-0.43261 728E-00 

-0.83790181E 

00 

0.  175C0E-C0 

-0.43283746t-0C 

-0. 837  39299E 

00 

0.  1  76COL-00 

-0  .43305910E-00 

-0.83688107E 

GO 

0.  1  7700E-00 

-0 .433282  1  7E-00 

-0.83636 60 8E 

CO 

0. 1  7800E-00 

-0. 433506 73E-0C 

-0.83504  795E 

00 

0.  1  7900E- CO 

-0 .43373273E-00 

-0.835 32 677E 

00 

0.  1800QE-00 

-0.43396019E-00 

-0. 83480247b 

00 

0. 18100E-00 

-0 .434 18914E-00 

-0.83427503b 

CO 

0.  18200E-00 

-0 .43441956E— OC 

-0. 83  374448E 

00 

0. 1 83  CUE- CC 

-0 .43465146E-00 

-0.83321081b 

00 

0. 18400E-00 

-0 .4348848 3 E-00 

-0.83267404b 

CO 

0.  18500E-00 

-0.4351 1968E-00 

-0.8 1213416b 

00 

0.  1 86  00  b- CO 

-0 .43535602E-0C 

-0.83159114E 

00 

0. 1 870UE- 00 

-0.438593868-00 

-0.83L04499E 

00 

0.  1 8800E-00 

-0 .43583  32CE-00 

-0.83049568E 

CO 

0.  18900E-00 

-0 .436O7402E-0C 

-0.82994328E 

00 

0.  19000E-C0 

-0 .43631 636E-OC 

-0 . 82938770E 

00 

0. 19100E-00 

-0.4365602CE-00 

-0.82882900E 

00 

0.  19200E-00 

-O.4368Q555E-00 

-0.82826713b 

CO 

0.  19300E-00 

-O.43705243E-0C 

-0.82770211E 

00 

0. 19400E-C0 

-0 .437 30062E-00 

-0.82713395b 

00 

0. 19500E-00 

-0.43756U71E-00 

-0 . 82656267E 

00 

0.  1960UE-00 

-0 .437802  15E-00 

-0.82898817b 

CO 

0. 19700E-00 

-0.43805512E-00 

-0. 82541052E 

00 

0.  19800  f: -  CO 

-0.4383096  1E-0C 

-0 .824H2974E 

00 

0. 1 9900E-00 

-0  .43856566  E-00 

-0.82424573E 

00 

0 • 2  OOOOfc-GO 

-0  .43882  324E-0C 

-0. 82365859E 

CO 

0.20I00E-C0 

-0. 439082 36E-OC 

-0.82306827E 

CO 

0.20200E-00 

-0.43934305E-00 

-0.82247473L 

00 

0 . 20  300L-00 

-0 .43960528E-00 

-0.8218  7804E 

00 

0.2040ub-00 

-0 . 4398690 7E-00 

-0. 8212781 5E 

00 

0. 205COE-00 

-0.440  1344  3E-00 

-0.82067508b 

00 

0.2060UE-0Q 

-0. 44040 136E-00 

-0.82006878b 

00 

0.20700L-00 

-O.44066986L-0C 

-0 . 8  1945930E 

00 

0 . 20800E- 00 

-0.44093992E-00 

-0. 8  1884665E 

CO 

0. 20900E-00 

-0.44121  157E-0C 

-0 . 8 1 8  2  30  76E 

00 

0.2 1000E- CO 

-0.44143482E-00 

-0.81761163b 

00 

0.21 10UE-00 

-0.44176965E-00 

-0.81698931b 

00 

0.21  2  0UE-00 

-0 .44203607E-00 

-0.81636378E 

00 

0.21300E-00 

-0 .4423141CE-0C 

-0.81573503b 

00 

0.2 1400E-00 

-0 .442593  72E-00 

-0.81510 30 5E 

00 

0.2 1500E-00 

-0.44287495E-00 

-0.81446782b 

00 

0.2  L600E-00 

-0.4431573CE-00 

-0.81382936E 

CO 

O.217C0E-C0 

-0.44344226E-00 

-0.81318767E 

00 

0.21 800E-00 

-0 .44372835E-00 

-0.81254272b 

CO 

0.219006-00 
0. 22000E-00 
0.^21006—00 
0.222006-00 
0.223006-00 
0. 224006- 00 
0. 225006-00 
0 . 22A006-00 
0.227006-00 
0. 228006-C0 
0 . 22900c— CO 
0.230CG6-00 
0.231006-00 
0.232006-00 
0. 233006-00 
0.234006-00 
0.23S00t— 00 
0. 236006-00 
0. 237006-00 
0.238006-00 
0.239006-00 
0. 240006-00 
0.2410U6-00 
0.  242006-00 
0.243006-00 
0. 244006-00 
0. 245006-00 
0. 246006-00 
0.247006-00 
0.248G06—  CO 
0. 249006-00 
0.250006-00 
0. 251CG6-C0 
0 . 252C06- CO 
0.253006-00 
0. 254CU6-00 
0. 255C06-C0 
0. 256C06- CC 
0.25  7006- CO 
0.258006-00 
0 . 2  59006- CC 
0.260006-00 
0 • 261 C06- 00 
0. 262006-00 
0. 2630C6-CC 
0 . 2  64  006- CO 
0. 265C06-00 
0.266006-00 
0.267006-00 
0.268CGE-00 
0.269006-00 
0.270006-00 
0. 271006- CC 
0.272006-00 
0.273006-00 
0.274006-00 
0.275006-00 
0.276006-00 
0.277006-00 
0.278006-00 


-67- 

-0 .444016066-00 
-0.444  305  396-00 
-0.444  5963  76-00 
-0  .444  888  996-00 
-0 .445183256-00 
-0.445479156-00 
-0.445776716-00 
-0.446075956-00 
-0  .446  376836-00 
-0.4466794C6— GO 
-0.446983636-00 
-0.44728  >546-00 
-0 .447597146-00 
-0 .44790642E-00 
-0.44021 1 396-00 
-0.44853008E-00 
-0 .440844466-00 
-0 .449  160556-00 
-0 .449478  366-00 
-0 . 449  797896-00 
“0.4  50  1  19  146-00 
-0 .450442  146-00 
-0 . 450  766856-00 
-0.451093326-00 
-0.451421536-0C 
-0.451 751 5CE-0C 
-0.45208324E-00 
-0.4524 lo7  26-00 
-0.452751976-00 
-0.453089006-00 
-0.453427026-00 
-0  .453  7684  16-00 
-0.454  1  108  16-UC 
-0.4544550C6-00 
-0 .454800996-00 
-0.455148796-00 
-0.4554984 16-00 
-0.455849056-00 
-0.456203126-00 
-0 .4565582  16-00 
-0.456915166— OC 
-0.457273956-00 
-0.457634596-00 
-0.457997076-00 
-0.458361446-00 
-0.458727666-00 
-0.459095786-00 
-0.459465766-00 
-0.4598376  36-00 
-0.46021  1406-00 
-0.46058707E-00 
-0.460964666-00 
-0.461344176-00 
-0.46172558E-00 
-0  .462  108936-00 
-0 .462494206-00 
-0.46288  1426-00 
-0.4632  70606-00 
-0.463661736-00 
-0 .464054826-00 


X  =  45  deg 

-0.811894546  00 
-0.811243146  00 
-0.810588436  00 
-0.80993047E  00 
-0.80926929E  CO 
-0.808604836  00 
-0.807937116  00 
-0. 807266046  00 
-0.806591776  CO 
-0.805914176  00 
-0.805233306  00 
-0. 804549156  CO 
-0 . 8u  3  86 1 6  96  CO 
-0.803170956  00 
-0.002476916  00 
-0.8O177953E  00 
-0 . 80 1078866  00 
-0.800374896  00 
-0.799667576  00 
-0.798956926  00 
-0. 79824299E  00 
-0.797525656  00 
-C. 796805026  00 
-0.796081036  00 
-0.795353726  00 
-0.794623026  00 
-0.793888956  CO 
-0.793151596  CO 
-0.792410826  00 
-0.791666706  00 
-0.79091918E  00 
-0.790168326  00 
-0.789414036  00 
-0.788656386  00 
-0.787095356  00 
-0.78713089E  00 
-0.786363046  CO 
-0.785591806  00 
-0 .78481 71 3E  CO 
-C. 784039066  CC 
-C. 78  3257546  00 
-0.782472626  00 
-0.781684256  00 
-0. 780892506  CO 
-0.780097246  00 
-0.779298586  00 
-0.778496426  00 
-0.777690856  00 
-0.776881836  00 
-0.776069326  00 
-0.775253376  CO 
-0.774433916  CO 
-0.7M61095E  00 
-0.772784556  00 
-0.771954636  CO 
-0.771121266  00 
-0.770284386  00 
-0.769443956  CO 
-0.7686C0026  CO 
-0.767752606  CO 


0.2  790Gfc-00 
0.28000E-00 
0.28L00t-00 
0 . 28200t-00 
0.283C0E-C0 
0.284C0E-00 
0.2  85  00E-00 
0.28600L-00 
0.287  00E-C0 
0.28800E-00 
0.28900E-00 
0. 29000E-C0 
0.291 00E-00 
0. 29200E-00 
0. 2 9300 E- 00 
0 . 29400E-00 
0.29500E-00 
0. 29600t-00 
0. 29700E-00 
0 . 2  9800E-00 
0 . 29900E-00 
0. 30000E-00 
0 . 30  l  00E-00 
0. 30200E-C0 
0. 303C0E-00 
0. 30400E-C0 
0. 30500E-00 
0. 30600E-00 
0. 30700E-00 
0 . 30800E-00 
0.30900E-00 
0.31000E-00 
0 . 3 1 1 00E-00 
0. 31200E-00 
0. 31300E-C0 
0. 31400L-CG 
0. 31500E-00 
0. 3  1 6 OOE* 00 
0.3I700E-0G 
0. 318C0E-C0 
0. 31900E-00 
0. 32000E-00 
0. 32100E-00 
0 . 3  22  00E-00 
0. 32300C-00 
0. 32400E-00 
0. 32500E-00 
0. 32600E- 00 
0. 32 700E-00 
0 . 3280UE-00 
0. 32900E-00 
0. 33000E-00 
0.331 00E-00 
0 . 33200E-00 
0. 333C0E-00 
0. 33400E-00 
0. 33500E-00 
0 . 33600E-00 
0. 33700E-00 
0. 33800E-00 


-68- 


-0 .46444906E-00 
-0.46484689E-00 
-0  .46524590E-00 
-0  .465646 9 0E-00 
-0  .46604990E-00 
-0.46645489E-00 
*0  .46686 1 90E-00 
-0.4672709 3 E-00 
-0 .46768199E-00 
-0 .46809506E-00 
-0  .468b  10 19E-00 
-0.468927  35E-00 
-0  .469  34  6  5  7E -00 
-0 .46976785E-00 
-0.470191  1 9  E-00 
-0  .4706 1 66  3E-00 
-0.4710441 3L-00 
-0  .471473  74E-00 
-0.47 190543E-00 
-0  .47233924E-00 
-0  .472  77bl 5E-00 
-0.4732132CE-00 
-0  .47  365338E-00 
-0.4740956 7E-00 
-0 .474  540 l 2E-00 
-0.474986 7 2E-00 
-0  .47  54  3551E-00 
-0  .47588643E-00 
-0  .47633953E-00 
-0  .47  6794  8  5E-00 
-0  .4  7725233E-00 
-0.47771203E-00 
-0.4781 7393E-00 
-0  .47  86  3  80  7E-00 
-0  .4  7  9  1044  1  E-00 
-0 .47957300E-00 
-0  .48004  38  3E-00 
-0  .480  5169  IE-00 
-0  .4809922  5E-00 
-0 .48146985E-00 
-0  .48194  9 7 5E -00 
-0  .48243 193E-00 
-0  .4829164  IE-00 
-0  .48340  31  8E-00 
-0  .48389228E-00 
-0  .484  3837CE-00 
-0  .4848  7  744E-00 
-0.48537352E-00 
-0  .48587 198E-00 
-0  .4863  72  7  7E  — 00 
-0  .4868  7b  94E  —  00 
-0.48738147E-00 
-0  .4878894  IE-00 
-0  .48839973E-00 
-0  .4889 1 24  7E-00 
-0. 48942 762E-00 
-0 .4899451 7E-00 
-0 .490465 1 9E—00 
-0 .49098  764E-00 
-0  .49 1 5 1 2  5  5E-00 


X  -  45  deg 

-0 

.  76690 1 66E 

CO 

-0 

•  76604  7  2  OE 

00 

-0 

.7651891 9E 

CO 

-c , 

.76432765E 

00 

-0, 

.  76346256E 

00 

-G 

•76259397E 

00 

-0 

•76172179E 

00 

-0, 

.  760846C3E 

00 

-0, 

.  75996673E 

00 

-0  , 

.  7  5908  3 8 ?E 

00 

-0, 

.  758 19743E 

00 

-0. 

.  75 7  30744E 

00 

-0, 

.  7564 1 383E 

00 

-0  , 

.7555166 5E 

CO 

-0, 

.  7  5461589E 

00 

-0, 

•75371146E 

00 

-0, 

.  75280349E 

00 

-0, 

.  7 b 1 89 1 8  8E 

00 

-0. 

.  75097667E 

CO 

-0. 

.75005782E 

00 

-0 , 

.74913537b 

CO 

-0. 

.  7482C926E 

CO 

-0. 

.  74  727950E 

00 

-0. 

.746  3461  3E- 

00 

-0. 

.  74  5409 1 OE 

00 

-0. 

.74446841E 

CO 

-0. 

.  74352403E 

00 

-0. 

.  742  5  7  60  6E 

00 

-0. 

.  74 1 624  3  8E 

00 

-0, 

.  74066897E 

CO 

-0. 

.7397  09  94  E 

00 

-0. 

.7387471 7E 

00 

-0. 

.73778073E 

CO 

-0  . 

.  73681056E 

00 

-0. 

.  7358367  3E 

00 

-0. 

.7348591 6E 

00 

-0. 

.  73387787E 

00 

-0. 

.  73289286E 

00 

-0. 

.  73 1904 1 2E 

00 

-0. 

73091167b 

00 

-0  . 

.  7299 1 54  3E 

00 

-0. 

.  72891544E 
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0 . 546006 

00 

-0 .67466924E 

00 

-0. 39353270E-00 

0.54700E 

00 

-0 .6760  3868E 

00 

-0. 391 504976-00 

0. 548006 

00 

-0.6774 1448E 

00 

-0.38947194E-00 

0. 54900E 

00 

-0.678  7966  36 

00 

-0.38743370E-00 

0.55000E 

00 

-0.68018518E 

00 

-0.38539017E-00 

0.551006 

00 

-0 .681 580166 

00 

-0.38334140L-C0 

0.552006 

CO 

-0.682981586 

00 

-0.38128737E-00 

0. 55300E 

CO 

-0.684  38949E 

00 

-0.37922807E-00 

0. 554006 

00 

-0.685803936 

00 

-0.37716350E-00 

0. 55500t 

00 

-0.68722489E 

00 

-0. 37509366E-00 

0.556006 

CO 

-0 .6886524  36 

00 

-0.37301857E-00 

0.557006 

00 

-0.690086596 

00 

-0.370938196-00 

0. 558006 

00 

-0.691527396 

00 

-0.36885251E-00 

0. 559006 

00 

-0.692974846 

00 

-C. 366761576-00 

0.560006 

CO 

-0 .6944290  16 

00 

-0.364665326-00 

0.561006 

00 

-0.695889916 

00 

-0.36256380E-00 

0. 56200L 

00 

-0.697357556 

00 

-0.360457006-00 

0.563006 

00 

-0.69883199E 

00 

-0.358344916-00 

0.564006 

00 

-0.700313266 

00 

-0. 35622751E-00 

0. 565006 

00 

-0.70180140E 

00 

-0.354 104796-00 

0. 566006 

00 

-0 . 7032964  IE 

00 

-0.35197683E-C0 

0. 567006 

00 

-0.70479834E 

00 

-0.349 84 354E-00 

0. 56800E 

00 

-0 .70630723E 

00 

-0.34770495E-00 

0. 569006 

00 

-0.70782310E 

00 

-0. 34556107E-00 

0. 57000E 

00 

-0 .70934597E 

00 

-0.343411896-C0 

0.571006 

00 

-0.7108759  IE 

00 

-0.34125739E-00 

0.572006 

00 

-0.712412936 

00 

-0.339097576-00 

0. 57300E 

00 

-0.71 395706E 

00 

-0. 33693246E-00 

0. 574006 

00 

-0.71 5508  3  2E 

00 

-0.33476204E-00 

0. 57500E 

00 

-0. 717066 77E 

00 

-0.33258631E-00 

0.576006 

00 

-0.71863243E 

00 

-0.330 40 527E-00 

0. 577006 

00 

-0.72020534E 

00 

-0.32821891E-00 

0. 57800E 

00 

-0 .721 78552E 

00 

-0.32602724E-00 

X  =  45  deg 


-73- 


0. 579006 

CO 

-0.723373026 

00 

-0.323830256-00 

0. 580C06 

00 

-0.724967856 

00 

-0.321627966-00 

0. 581006 

00 

-0.726570066 

00 

-O.319420366-C0 

0. 582006 

00 

-0.728179696 

00 

-0.317207436-00 

0. 583006 

CO 

-0.729796756 

00 

-0.314989206-00 

0. 584006 

00 

-0.731421296 

00 

-0.312765656-00 

0. 585006 

00 

-0.733053356 

00 

-0.310536796— CO 

0. 586006 

00 

-0.734692956 

oc 

-0.308302636-00 

0. 587C06 

CO 

-0.736340146 

oc 

-0.306063126-00 

0. 588006 

00 

-0.737994936 

00 

-0.303818326-C0 

0. 589006 

GO  • 

-0.739657366 

00 

-0.301568226-CO 

0. 590006 

00 

-0.741327496 

00 

-0.299312796-00 

0. 591006 

CO 

-0.743005326 

00 

-0.29705207E-C0 

0. 592006 

00 

-0.744690926 

00 

-0.294786016-00 

C. 593006 

00 

-0 . 746384296 

00 

-0.292514676-C0 

0. 594006 

00 

-0.748085486 

00 

-0.290238036-00 

0. 595006 

CO 

-0.749794546 

00 

-C. 287956066-00 

0. 596006 

00 

-0.751  51  14  76 

00 

-0.28566880E-00 

0. 597006 

00 

-0.7532  363  36 

00 

-0.283376256-C0 

0. D98C06 

CO 

-0.754969146 

00 

-0.281078406-00 

0. 599006 

CO 

-0.756709966 

00 

-0.278775236-00 

0.600006 

00 

-0.758458816 

00 

-0.276466796-00 

0. 601 0C6 

00 

-0.760215716 

00 

-C.27415305E-00 

0. 602006 

CO 

-0.761980716 

00 

-0.27183403E-00 

0. 6030C6 

CO 

-0.763753866 

00 

-0. 2695097  IE-00 

0. 6)04006 

00 

-0.768535196 

00 

-0.267180096-00 

0. 605006 

00 

-0.7673247C6 

00 

-0.264845226-C0 

0. 606006 

CO 

-0 . 769122476 

00 

-0.262505056-00 

0. 607G06 

00 

-0.770928516 

00 

-0.260159636-00 

0.608006 

00 

-0.772742876 

00 

-0.257808926-00 

0. 60900c 

00 

-0.774565576 

00 

-0.255452966-C0 

0. 610006 

CO 

-0.776396666 

00 

-0.253091726-C0 

0. 611006 

00 

-0.778236176 

00 

-0.250725236-00 

0. 612006 

00 

-0.780084166 

00 

-0.248353476-CO 

0. 613006 

00 

-0.781940636 

00 

-0.245976466-00 

0. 614006 

00 

-0.783805636 

00 

-0.243594216-00 

0.615006 

00 

-0 • 7856792CE 

00 

-0.241206716-CO 

0. 616006 

00 

-0 .787561366 

00 

-0.238813996-CC 

0. 617006 

00 

-0.789452176 

00 

-0.23641603E-C0 

0.618006 

CO 

-0.791351676 

00 

-0.234012826-00 

0. 619006 

00 

-0.793259876 

00 

-0.231604406-00 

0. 620006 

00 

-0 .7951 76326 

00 

-0.229190776-00 

0.621006 

00 

-0.797102566 

00 

-0.226771916-00 

0. 622006 

00 

-0 . 7990  371  36 

00 

-0.224347876-00 

0.623006 

00 

-0.800980566 

00 

-0.22 191860E-00 

0.624006 

00 

-0.802932876 

00 

-0.219484176-00 

0. 625006 

00 

-0.804894136 

00 

-0.217044526-00 

0.626006 

00 

-0.806864366 

oc 

-0.214599706-00 

0.627006 

00 

-0.808843586 

00 

-0.212149726-00 

0.628006 

00 

-0 .8108  318  76 

00 

-0.209694556— CO 

0.6290C6 

00 

-0.812829256 

00 

-0.2072342  16-00 

0. 630006 

00 

-0.814835746 

00 

-0.204768726-00 

0.631006 

00 

-0.816851386 

00 

-0.2022981 16-CO 

0. 632006 

00 

-0 .818876226 

00 

-0. 19982234E-00 

0.633006 

00 

-0 .8209 1C296 

00 

-0.197341446-00 

0.634006 

00 

-0.822953636 

00 

-0.194855416-00 

0.635006 

00 

-0.825006306 

00 

-0.192364256-00 

0. 636006 

00 

-0. 827068 3C6 

00 

-0. 189868006-00 

0.637006 

00 

-0.829139666 

00 

-0.  187366666-00 

0.638006 

00 

-0. 8312204 7E 

00 

-0.184860216-00 

0.639006 

00 

-0  .833  310  7  36 

00 

-G.  182  34868E-C0 

0.640006 

00 

-0 .8354  104  76 

00 

-0. 1 79832096-00 

0 . 64 1 OOh 

CO 

-0  .83  7519  76b 

oc 

-0.  1  7  7310416-00 

0.642006 

00 

-0  .039638626 

GO 

-0.174  783706-00 

0 . 64  3CU6 

00 

-0  .84  1  76708E 

00 

-0.172251936-00 

0 . 644006 

CO 

-0. 84  390519b 

00 

-C.  1697151  3E-00 

0.645CCE 

00 

-0 .84605299b 

00 

-0 . 167 1 7329E-00 

0. 64600E 

00 

-0  .8482108  1b 

00 

-0. 104626436-00 

0.647006 

GO 

-0. 850  3  77  78b 

00 

-C.  1620  74  59E-C0 

0 . 64800E 

CO 

-0.85255486b 

00 

-0.  15951  7726-OC 

0. O4900E 

CO 

-0  .854  74  1  7  76 

00 

-0.156955886-00 

0.65000b 

00 

-0.856938556 

00 

-C  .  154  389076-00 

0.65L0CE 

00 

-0  .859145256 

OC 

-0.  151817286-00 

0. 652006 

GO 

-0 .86 l 36  187E 

00 

-0. 14  9  240586-00 

0.6530 OL 

CO 

-0.863588 5 C6 

00 

-0. 14665890E-00 

0 . 654  COfc 

00 

-0.8658251 56 

00 

-0. 14407229E-00 

0.65500E 

00 

-0 .86807  1886 

00 

-C  .  141480756-00 

0. o5600L 

CO 

-0 .87032868E 

00 

-G.  13888434 E-00 

0. 657C0E 

CC 

-0.87259563b 

00 

-C.  1  3628  303E-GG 

0 • 65800b 

CO 

-0  .87487277b 

CO 

-0. 1  3  367682E  — 00 

0. 65900t 

00 

-0  .877  1601CE 

CO 

-C. 1310657 5E- CO 

0. 660C0E 

CO 

-0.87945765b 

oc 

-0. 12B44983E-00 

0.661  COb 

00 

-0.88176557E 

CO 

-0. 125829066-00 

0. 66200E 

00 

-0.884083786 

00 

-0 . 12320346E-C0 

0 • 66  3  OOt 

00 

-0.88641234E 

00 

-C .  12  0  5  7  304 E -  00 

0 . 664  CC  E 

CO 

-0.888751  316 

00 

-0. 1 1 793783E-00 

0. 6650UE 

00 

-0.091 100716 

00 

-0. 115297836-00 

0. 66600E 

00 

-0 .89346060E 

CO 

-0. 11265305E-00 

0 • 66  7  00  fc 

00 

-0 .895831006 

oc 

-0. 1 1000350E-00 

0.66800E 

CC 

-0.098211966 

oc 

-0. 1073492  IE-00 

0.66900E 

00 

-0 . 90060.3496 

00 

-0. 104690206-00 

0.67000E 

00 

-0  .903005676 

00 

-G .  1 02  02  64  6E-C0 

0.67100b 

00 

-0.9054  1  85Cb 

oc 

-0.99358023E-01 

0.  872006 

00 

-0 . 90  7  842  04  E 

00 

-0.966848896-0  l 

0. 67300E 

00 

-0.9102  7 6 3 2 E 

CO 

-0.940070916-01 

0.67400b 

00 

-0 .912721366 

00 

-0,91 3246466-Cl 

0. 67500b 

CO 

-0.91517723E 

00 

-0.88637558E-CI 

0. 676C0t 

CO 

-0.917643946 

CC 

-0.85945842E-01 

0.67700b 

00 

-0 .920121546 

00 

-0.832495106-01 

0.67800b 

00 

-0  .922  6  l  CU9E 

00 

-0.805485816-01 

0. 679C0b 

CO 

-0.925109576 

00 

-0. 778431086-01 

0.68000E 

00 

-0.92  762C06E 

oc 

-0.751 33059E-01 

0.68100E 

00 

-0.930141586 

00 

-0.724184766-01 

0.68200E 

00 

-0 .932674  1  8E 

00 

-0. 696993746-C  l 

0 . 6  8  3C0E 

00 

-0.93521 789E 

oc 

-0.669  75  743E-01 

0.68400b 

00 

-0.937772766 

00 

-0.642476346-01 

0.68500E 

00 

-0.940338786 

00 

-0.615 150696-01 

0.60600E 

00 

-0 .94291604E 

00 

-0.58778042E-01 

0.68700E 

00 

-0.945504566 

oc 

-0.560365776-01 

0.68800b 

00 

-0 .940104 35E 

00 

-0. 532907206-01 

0.68900b 

00 

-0.95071  550E 

00 

-0. 50540425E-CI 

0.69000E 

00 

-0.953337986 

00 

-0.47785797E-CI 

0. 69100b 

CO 

-0.95597187E 

00 

-0.450267966-01 

0.692CGE 

00 

-0 .95861  72  IE 

00 

-0.422634506-01 

0.69300E 

00 

-0  .96127404E 

00 

-0.39495762E-CI 

0.694006 

00 

-0.96394233E 

00 

-0. 307?38i3E-Cl 

0.69500E 

CO 

-0 .966622  l  5E 

00 

-0. 33947573E-01 

0.O9600E 

00 

-0.969 31363E 

00 

-0.31 167068E-CI 

0.69700b 

00 

-0  .97201668E 

00 

-0.28302316E-CI 

0. 69800b 

00 

-0.97473138E 

oc 

-0.25593361E-01 

X  -  45  deg 


-75- 


0.69900E 

00 

-0.97745777E 

00 

-0.228001976-01 

0.700006 

00 

-0  .98019588E 

00 

-0.200028556-01 

0.701006 

00 

-0  .98294575E 

00 

-0. 17201356E-01 

0. 70200t 

CO 

-0.98570738E 

00 

-0. 14395751E-01 

0. 703006 

00 

-0 .98848087E 

00 

-0.115859946-01 

0.704006 

00 

-0.9912662CE 

00 

-0.877216826-02 

0.705006 

00 

-0  . 994  06  34  2E 

00 

-0.59542669E-02 

0. 70600E 

00 

-0.99687258E 

00 

-0.31323170E-02 

0. 707006 

00 

-0 .99969369E 

00 

-0. 30635434E-03 

0. 708006 

00 

-0 .10025268E 

01 

0.252363656-02 

0. 709006 

00 

-0 .1005372CE 

01 

0. 5  J575885E-C2 

0. 710006 

00 

-0 . 1008229  IE 

01 

0.81955013E— 02 

0.711006 

00 

-0 . 101 10985E 

01 

0. 110373506-01 

0. 712006 

00 

-0 .101 39799E 

01 

0.13883107E-01 

0.  7U006 

00 

-0 . 10168735E 

01 

0.16732  743E-0 1 

0. 71400E 

00 

-0 . 101 97793E 

01 

0. 19586237E-01 

0.715006 

00 

-0.10226973E 

01 

0.22443604E— 01 

0.716006 

00 

-0 .10256276E 

01 

0. 25304762E-C1 

0. 717006 

00 

-0 .10285702E 

01 

0. 281 69 70 5E— 01 

0.718006 

CO 

-0.10315251E 

01 

0.31038423E— 01 

0. 719006 

00 

-0 .10344924E 

01 

0.339108856-01 

0. 720006 

00 

-0.103747  20  E 

01 

0. 36787067E-01 

0.721006 

00 

-0.104046416 

01 

0.39666925E— 01 

0. 722006 

00 

-0.10434687E 

01 

0.42550500E— 01 

0.723006 

00 

-0 . 10464858E 

01 

0.454376666-01 

0.724006 

00 

-0 . 10495  1  53E 

01 

0.483284776-01 

0.725006 

00 

-0 .10528574E 

01 

0.51222847E— 01 

0. 726C06 

00 

-0.1055612CE 

01 

0.541208116-01 

0. 727006 

GO 

-0 .10586794E 

01 

0 .57022308E-01 

0.728006 

00 

-0 .10617593E 

01 

0.59927320E— 01 

0. 729006 

00 

-0. 10648520E 

01 

0.62835815F-01 

0.730006 

00 

-0.10679573E 

01 

0.65747774E— 01 

0.731006 

00 

-0 . 10  710753E 

01 

0.68663147E— 01 

0.732006 

00 

-0 .1074206  IE 

01 

0.71 581934E— 01 

0.733006 

00 

-0. 10773497E 

01 

0. 74504124 E— 01 

0. 734006 

00 

-0.1080506  IE 

01 

0.77429650E— 01 

0. 735006 

00 

-0.10836  755E 

01 

0 .80358513E-01 

0. 736006 

00 

-0.10868576E 

01 

0.83290675E— Cl 

0.737006 

00 

-0.10900527E 

01 

0.86226096E— 01 

0. 738006 

00 

-0 .10932607E 

01 

0.89164761E— 01 

0. 73900E 

00 

-0 .10964B17E 

01 

0.92106657E— 01 

0.740006 

00 

-0 .10997157E 

01 

0.95051721E— 01 

0.741006 

00 

-0 . 1 1029626E 

01 

0 .97999928E-01 

0.742006 

00 

-0 . 1 1062227E 

01 

0.100951306-00 

0. 743006 

00 

-0 .1 1094958E 

01 

0. 10390576E-00 

0.744006 

00 

-0.111278216 

01 

0. 10686330E-00 

0.745006 

CO 

-0.11160815E 

01 

0. 10982388E-00 

0. 746006 

00 

-0.1U93939E 

01 

0.11278747E-00 

0.747006 

00 

-0.11227 196E 

01 

0 . 1 1 575406E-00 

0.748006 

00 

-0.11260 586E 

01 

0. 11872361E-00 

0.749006 

00 

-0.1 1294107E 

01 

0.121696076-00 

0. 75000E 

00 

-0.113277616 

01 

0. 124671456-00 

0.751006 

00 

-0.1 1361549E 

01 

0. 12764969E-00 

0.752006 

00 

-0 .11 395469E 

01 

0.13063078E-00 

0. 753C06 

CO 

-0 .1 1429523E 

01 

0.133614676-00 

0. 754006 

00 

-0.1 14637  10E 

01 

0.136601 34E-C0 

0. 755006 

00 

-0 . 1 149803  IE 

01 

0. 13959078E-00 

0. 75600E 

00 

-0 . 1 15  32486E 

01 

0. 14258290E-00 

0.757006 

00 

-0.115670766 

01 

0. 14557774E-00 

0.758006 

00 

-0 . 1 160 1800E 

01 

0.14857524E-00 

X  *  45  dag 


0.75900E  00 
0. 7600UE  00 
0.76100E  00 
0.76200E  00 
0.76300E  00 
0.76400E  00 
0.765C0E  00 
0.76600E  00 
0.76700E  00 
O.760OOE  00 
0./6900E  00 
0.77000E  00 
0 . 7 7 1 OOt  00 
0.77200E  00 
0 . 77300t  00 
0.77400L  00 
0 . 7 7500t  00 
0.77600t  00 
0.77700E  00 
0.77800E  00 
0.77900E  00 
0.78000E  00 
0.78100E  00 
0.78200E  00 
0.78300E  00 
0.78400E  00 
0.78500E  00 
0. 78600t  00 
0.78700E  00 
0.78800E  00 
0.78900E  00 
0.79000E  00 
0.79100E  00 
0.79200E  00 
0.79300E  00 
0.79400E  00 
0.79500E  00 
0.79600E  00 
0. 79700t  00 
0.79800E  00 
0.79900E  00 
0.80000E  00 
0.80100E  00 
0.80200E  00 
0.80300E  00 
0.80400E  00 
0.80500E  00 
0.80600E  00 
0.80700E  00 
0.80800E  00 
0.80900E  00 
0.81000E  00 
0.8U00E  00 
0.81200E  00 
0.81300E  00 
0.81400E  00 
0.81500E  00 
0.81600E  00 
0.81700E  00 
0.81800E  00 


-76- 

-0.1 1636660E  01 
“0.1 1671654E  01 
-0.1 1706  7 8 3E  01 
-0.11742048E  01 
-0.11777449E  01 
-0 • 1  IB  1 2986E  01 
“0 . 1 1848659E  01 
-0 • 1 18  84468  E  01 
-0 •  1 19204 14E  01 
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